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The NASA STI Program Offi ce … in Profi le

Since its founding, NASA has been ded i cat ed to the 
ad vance ment of aeronautics and space science. The 
NASA Sci en tifi  c and Technical Information (STI) 
Pro gram Offi ce plays a key part in helping NASA 
maintain this im por tant role.

The NASA STI Program Offi ce is operated by 
Langley Re search Center, the lead center for 
NASA̓ s scientifi c and technical in for ma tion. The 
NASA STI Program Offi ce pro vides ac cess to 
the NASA STI Database, the largest col lec tion of 
aero nau ti cal and space science STI in the world. 
The Pro gram Offi ce is also NASA̓ s in sti tu tion al 
mech a nism for dis sem i nat ing the results of its 
research and de vel op ment ac tiv i ties. These results 
are published by NASA in the NASA STI Report 
Series, which includes the following report types:

• TECHNICAL PUBLICATION. Reports of 
com plet ed research or a major signifi cant phase 
of research that present the results of NASA pro-
grams and include ex ten sive data or the o ret i cal 
analysis. Includes com pi la tions of sig nifi   cant 
scientifi c and technical data and in for ma tion 
deemed to be of con tinu ing ref er ence value. 
NASA̓ s counterpart of peer-re viewed formal 
pro fes sion al papers but has less stringent lim i ta -
tions on manuscript length and ex tent of graphic 
pre sen ta tions.

• TECHNICAL MEMORANDUM. Scientifi c 
and tech ni cal fi ndings that are pre lim i nary or of 
spe cial ized interest, e.g., quick re lease reports, 
working papers, and bib li og ra phies that contain 
minimal annotation. Does not contain extensive 
analysis.

• CONTRACTOR REPORT. Scientifi c and techni-
cal fi ndings by NASA-sponsored con trac tors and 
grantees.

•   CONFERENCE PUBLICATION. Collected 
pa pers from scientifi c and technical  conferences, 
symposia, sem i nars, or other meet ings spon sored 
or co spon sored by NASA.

•   SPECIAL PUBLICATION. Scientifi c, tech ni cal, 
or historical information from NASA pro grams, 
projects, and mission, often con cerned with sub-
jects having sub stan tial public interest.

•   TECHNICAL TRANSLATION. En glish-language 
trans la tions of foreign sci en tifi  c and tech ni cal ma-
terial pertinent to NASA̓ s mis sion.

Specialized services that complement the STI Pro-
gram Offi ceʼs diverse offerings include cre at ing 
custom the sau ri, building customized da ta bas es, 
organizing and pub lish ing research results . . . even 
pro vid ing videos.

For more information about the NASA STI Pro gram 
Offi ce, see the following:

•   Access the NASA STI Program Home Page at 
http://www.sti.nasa.gov/STI-homepage.html

•   E-mail your question via the Internet to 
help@sti.nasa.gov

•   Fax your question to the NASA Access Help Desk 
at (443) 757-5803

•   Telephone the NASA Access Help Desk at (443) 
757-5802

•   Write to:
    NASA Access Help Desk
    NASA Center for AeroSpace In for ma tion
    7115 Standard Drive
    Hanover, MD 21076
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Introduction

The Astrophysics Science Division (ASD, Code 660) is one of the world’s largest and most diverse astro-
nomical organizations. Space flight missions are conceived, built and launched to observe the entire range 
of the electromagnetic spectrum from gamma rays to centimeter waves. In addition, experiments are flown 
to gather data on high-energy cosmic rays, and plans are being made to detect gravitational radiation from 
space-borne missions. To enable these missions, we have vigorous programs of instrument and detector 
development. Division scientists also carry out preparatory theoretical work and subsequent data analysis 
and modeling. In addition to space flight missions, we have a vibrant suborbital program with numerous 
sounding rocket and balloon payloads in development or operation.

The ASD is organized into five Labs: the Astroparticle Physics Lab, the X-ray Astrophysics Lab, the 
Gravitational Astrophysics Lab, the Observational Cosmology Lab, and the Exoplanets and Stellar 
Astrophysics Lab. The High Energy Astrophysics Science Archive Research Center (HEASARC) is an Office 
at the Division level. Approximately 400 scientists and engineers work in ASD. Of these, 80 are civil servant 
scientists, while the rest are resident university-based scientists, contractors, postdoctoral fellows, graduate 
students, and administrative staff.

We currently operate the Swift Explorer mission and the Fermi Gamma Ray Space Telescope. In addi-
tion, we provide data archiving and operational support for the XMM mission (jointly with ESA) and the 
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Suzaku mission (with JAXA). We are also a partner with Caltech on the NuSTAR mission. The Hubble 
Space Telescope Project is headquartered at Goddard, and ASD provides Project Scientists to oversee op-
erations at the Space Telescope Science Institute. Projects in development include the Neutron Interior 
Composition Explorer (NICER) mission, an x-ray timing experiment for the International Space Station, 
the Transiting Exoplanet Sky Survey (TESS) Explorer mission, in collaboration with MIT (Ricker, PI), and 
the James Webb Space Telescope (JWST). 

The Wide-Field Infrared Survey Telescope (WFIRST), the highest ranked mission in the 2010 Decadal 
survey, is in a pre-phase A study, and we are supplying study scientists for that mission.
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2013 Year in Review

The year started off nicely with Alice Harding (ASD) and Roger Romani (Stanford) being jointly award-
ed the prestigious Rossi Prize from the High Energy Astrophysics Division of the American Astronomical 
Society (AAS). The award, for “establishing a theoretical framework for understanding gamma-ray pul-
sars,” was announced at the AAS meeting in January.

The Super Trans-Iron Galactic Element Recorder (Super-TIGER) balloon instrument completed a re-
cord 55-day flight in Antarctica in early February. The instrument performed very well and returned data on 
50 million cosmic ray events, which will be used to measure the population of elements heavier than iron. 
The PI is Bob Binns at Washington University in St. Louis. The Goddard Super-TIGER team is led by John 
Mitchell. Goddard built the gondola and three of the four detector systems and is responsible for integra-
tion, environmental testing, logistics and payload recovery as well as participating in test, pre-flight, and 
flight operations. The payload is currently still on the ice in Antarctica waiting for recovery.

Development of our hardware contributions to the Astro-H mission has gone well this year. The en-
gineering model of the X-ray calorimeter spectrometer (SXS) underwent testing in Japan and delivered 
expected performance (after a work-around was implemented to overcome excess detector noise due to 
dewar vibration). The flight model of SXS was also completed this year and was undergoing environmental 
testing at Goddard at year’s end. Both flight mirrors were delivered to JAXA, and testing in Japan con-
firmed that the mirrors exceeded performance requirements by good margins. The mirrors were built by 
Peter Serlemitsos, Yang Soong, and Takashi Okajima.

The WFIRST-Astrophysics Focused Telescope Assets (AFTA) Science Definition Team completed their 
initial report on using the donated 2.4m optical telescope assemblies for the WFIRST mission. The report 
was well received by Administrator Bolden, who instructed the team to continue studying the concept. 
Hopefully this will lead to a new mission start in ~2017. The AFTA concept now has a coronagraph that is 
part of the baseline mission. In late 2013, two coronagraph architectures were selected for further study. 
Neil Gehrels is the lead study scientist for AFTA at Goddard.

In the Spring of 2013, we were delighted to learn that both TESS and NICER were selected to contin-
ue into Phase B. TESS is an Explorer mission that will study transiting exoplanets around bright nearby 
stars. George Ricker (MIT) is the PI. Stephen Rinehart is the NASA Project Scientist for TESS, and Stephen 
and Mark Clampin (667) are members of the TESS Science Team. Goddard is also involved in Project 
Management and orbital dynamics. NICER is an X-ray timing instrument that will be installed on the ISS as 
a Mission of Opportunity. The NICER PI is Keith Gendreau and the Deputy PI is Zaven Arzoumanian, both 
members of our X-ray Astrophysics Laboratory. The mission is being built and managed by Goddard, with 
MIT (detectors), Moog (gimbal), Broad Reach Engineering (electronics) and Danish Technical University 
(star tracker) as partners.

The Fermi Gamma-ray Space Telescope celebrated its fifth year of operations with a party at the Goddard 
Recreation Center, and the Swift Explorer mission passed its ninth year in orbit. Both missions are opera-
tionally healthy and are continuing to return exceptional scientific results. I’m looking forward in 2014 to 
continued observations of the Galactic Center by both missions. Fermi is starting to put interesting limits 
on dark matter, and Swift should be getting some fabulous data when the G2 gas cloud is shredded as it 
passes by the Galactic Center. 

We had a bit of a hiccup in October when the government shut down October 1–17. After getting back to 
work, it took about a week for everything to settle back to normal. Despite the shutdown, the JWST Project 
reported the successful completion of the first cryo-vacuum test of the JWST Integrated Science Instrument 
Module (ISIM) in November. The cryo-test accomplished all of its critical risk-reduction goals heading into 
the formal ISIM verification tests that start in 2014. See a description of JWST progress later in the docu-
ment for more information. 

Staring in October, Joan Centrella, our Deputy Director, spent a year on detail to the Science Mission 
Directorate at NASA HQ, serving in the Astrophysics Division on strategic planning for the Director, Paul 
Hertz. During her tenure, Joan oversaw the development of the 2013 Astrophysics Roadmap “Enduring 
Quests, Daring Visions,” a vision for NASA astrophysics for the next three decades. The report was a 
product of a community-based Roadmap team chaired by Chryssa Kouveliotou (MSFC). Aki Roberge and 
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Amber Straughn from our Division served on the Roadmap team, and Frank Reddy, our Science Writer, 
and Pat  Tyler, graphics editor, supported production of the document. Hopefully, the vision described in 
this Roadmap will spur future investment in NASA astrophysics.

In December, NICER completed and passed its Preliminary Design Review (PDR). The review chairman 
noted the good character of the team and the very high quality of the review package. Unanimously, the 
review team reported no showstoppers and that NICER was ready to proceed to phase C (final design). The 
Key Decision Point-C occurs in February 2014 (sneak peek into 2014: yes, the mission was confirmed).

Finally, the year concluded with ESA selecting the science theme “The Hot and Energetic Universe” for 
its L2 (Large Mission 2) opportunity, with a call for mission concepts to be solicited sometime in Spring 
2014. It is expected that the Athena X-ray mission concept will be chosen, although it is expected that there 
will be multiple proposals. The L2 launch is slated for 2028. NASA will contribute $100–150 million in 
hardware, and we are looking forward to making a contribution from Goddard. The science theme “The 
Gravitational Universe” was selected for the L3 mission. A call for mission concepts is expected to be re-
leased near the end of this decade, with a launch date of 2034. This is certainly a long time to wait, so we 
are busy charting our future.

Dr. William R. Oegerle
Director, Astrophysics Science Division



Astroparticle Physics Laboratory	 5

Astrophysics Science Division	 Annual Report 2013

Projects in Operation

HEASARC

The HEASARC is the primary archive for NASA mis-
sions dealing with extremely energetic phenomena, 
from black holes to the Big Bang. Incorporating the 
Legacy Archive for Microwave Background Data 
Analysis (LAMBDA), HEASARC curates and main-
tains datasets obtained by missions that study the 
relic cosmic microwave background (CMB) as well 
as NASA’s high-energy astronomy missions from 
the extreme ultraviolet through gamma-ray bands. 
The HEASARC archive contained about 60 terabytes 
(TB) of data at the end of 2013, having grown by 
over 10 TB during the year, and includes data from 
seven active missions (Chandra, Fermi, INTEGRAL, 
NuSTAR, Suzaku, Swift, and XMM-Newton) and 
from more than 30 space-based missions and sub-
orbital experiments that are no longer operational. 
Papers written using HEASARC data comprise ~10 
percent of the total astronomical literature and in-
clude some of the most highly cited papers in the 
field. The HEASARC Office is led by Dr. Alan Smale. 

In August 2013 the NuSTAR public data archive 
opened at the HEASARC. Launched in June 2012, 
NuSTAR is a Small Explorer (SMEX) mission with 
the first focusing high-energy X-ray telescope in or-
bit. The HEASARC archive contains NuSTAR data 
converted into standard FITS format and docu-
mentation on the data and data analysis software. 
HEASARC data access tools can be used to locate and 
download data from individual observations, and 
the NuSTAR data analysis software is distributed to 
the community as part of the HEASARC’s HEASoft 
data analysis suite. By the end of 2013 a total of 72 

observations had been released in the archive. Dr. 
Francis Marshall serves as the HEASARC’s NuSTAR 
Archive Scientist, with significant contributions 
to the NuSTAR archiving effort from Drs. Michael 
Corcoran, Stephen Drake, Thomas McGlynn, and 
William Pence.

The HEASARC remains a core partner in the 
joint NSF/NASA program to manage and operate 
the U.S. Virtual Astronomical Observatory. Dr. 
McGlynn leads the HEASARC’s VAO involvement 
and serves as the VAO Lead for Operations. He and 
his staff have developed applications which monitor 
the health of VAO and other VO services and inform 
responsible parties of issues as they arise. As part of 
preparation for the upcoming termination of VAO 
funding, Drs. McGlynn and Smale have worked 
with representatives from other NASA archives and 
our VAO partners to develop a closeout repository 
to ensure that all digital artifacts including code 
and documentation are preserved. In addition, 
Dr. McGlynn continues his work leading the 
development of the HEASARC’s archive interfaces 
and managing, developing and enhancing the 
Skyview virtual observatory.

During 2012, HEASARC programmers under 
the direction of Dr. William Pence coordinated two 
new releases of the HEASoft data analysis software 
package, providing improved analysis capabilities 
for data from the NuSTAR, Swift, and Suzaku 
observatories. The HEASARC staff also enhanced 
the cloud-based Hera data analysis service which 
enables researchers to analyze their data over the 
internet, using HEASoft within the computing 
environment provided by the HEASARC. The major 
focus of development has been to integrate Hera 
more closely with the new Xamin interface, so that 

Staff List

Scientist Research Interest Project/Mission Role/Affiliation
Frank Marshall Gamma-ray bursts, pulsars Swift

HEASARC
NuSTAR

Co-investigator; 
Science Center Lead
NuSTAR Archive Scientist

Thomas McGlynn X-ray and gamma ray astronomy; 
interoperability; tools and 
techniques for astronomical 
research

HEASARC
VAO

Archive Scientist
Operations Lead

William Pence X-ray astronomy of normal 
galaxies; data compression; 
advanced data analysis techniques

HEASARC HEASoft Team Lead

Alan Smale spectroscopic and timing analysis 
of X-ray binaries; cataclysmic 
variables

HEASARC
PCOS

Director
Deputy Chief Scientist
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researchers can seamlessly query the HEASARC 
archive to locate relevant observations and then 
analyze the data using Hera, all within the same 
Web browser session.

Dr. Stephen Drake continued to add tables to 
the HEASARC’s archive, bringing the total num-
ber of unique tables available at the HEASARC to 
~800. Among the newly created tables seven were 
new Chandra source lists, fourteen were new XMM-
Newton source lists, and others included data from 
a broad array of missions including AGILE, CGRO, 
EUVE, GALEX, Herschel, INTEGRAL, MAXI, 
Planck, ROSAT, and WMAP. Dr. Drake serves as 
the HEASARC’s XMM-Newton and RXTE Archive 
Scientist, and supports the HEASARC’s web pages 
and RSS feed.

Dr. Michael Corcoran serves as the manager of 
the HEASARC Calibration Database and as Fermi 
and ROSAT Archive Scientist. During the past year 
Dr. Corcoran maintained and updated the calibra-
tion database for Swift, Suzaku, Chandra, and Fermi 
missions, with a total of 22 updates. He worked with 
the Fermi LAT team to help implement full CalDB 
access in the Fermi Science tools and participated 
in weekly FSSC meetings plus telecons, and worked 
on documentation updates and discussions regard-
ing Fermi calibration data. Dr. Corcoran continued 
to improve the implementation of the GBM re-
sponse matrix generation software in the HEASARC 
BROWSE environment, and worked with the Fermi 
Science Support Center to release the calibration 
databases for the LAT. Dr. Corcoran writes the 
HEASARC Picture of the Week website, and admin-
isters a HEAPOW Facebook group which current-
ly has over 250 members from around the world. 
He also maintains the Astro-Update website, used 
by scientists to keep track of updates to important 
high-energy astrophysics software packages.

Dr. Keith Arnaud leads development of the 
XSPEC spectral fitting tool and related software. 
Major improvements to XSPEC over the past year 
included improved support for parallel processing, 
the replacement of the old CERN Minuit code with 
the new C++ version and better integration within 
XSPEC, new MCMC methods, new statistics, and, as 
always, new models. 

Dr. Steven Sturner is responsible for maintaining 
the INTEGRAL public data archive at the HEASARC. 
This activity entails downloading the ~twice-month-
ly public data releases from the ISDC in Geneva and 
installing the data within the HEASARC archive, 
and overseeing the transfer of weekly metadata up-
dates to the HEASARC. During the course of the 

year, Dr. Sturner was responsible for revising and 
adapting the update process as changes to the com-
puter systems at ISDC changed and evolved. 

Under the leadership of CMB Archive Scientist 
Dr. David Chuss, LAMBDA significantly increased 
its data holdings in 2013. LAMBDA now contains 
the complete data set for the WMAP mission that 
became final with the nine-year data release. Also, 
in support of the Decadal Survey recommendations 
regarding the importance of suborbital data for 
pioneering technology and techniques in advance 
of a potential Inflation Probe mission, LAMBDA 
added new products from the latest ground-based 
CMB polarimetry experiments. These include the 
latest data from the BICEP1 polarimeter. LAMBDA 
is also hosting additional data from the Atacama 
Cosmology Telescope (ACT) and the South Pole 
Telescope (SPT). ACT and SPT are fine-scale 
ground-based CMB instruments that complement 
space-based measurements and provide exciting 
probes of dark matter, dark energy, and the large-
scale structure of the universe. In addition, as part of 
its charter to provide a comprehensive data archive 
for the CMB, LAMBDA now provides a portal to the 
Planck CMB temperature data that accompanied 
the 2013 data release.

Mission Concepts

Future Large-Aperture Space 
Observatories

The NASA Advisory Council’s Astrophysics 
Subcommittee released its long-range vision, 
Enduring Quests, Daring Visions, which—among 
other priorities—highlights a large-aperture UV/
visual/NIR space observatory as a future agen-
cy priority, perhaps in the 2020s. In response, Dr. 
Harley Thronson established a GSFC team that, 
in partnership with NASA MSFC, JPL, and STScI, 
is developing designs, identifying key technology 
investment areas, and assessing priority science 
goals for the Advanced Technology Large-Aperture 
Space Telescope (ATLAST). An early version of this 
concept was studied by many of the same people 
about a half-decade ago in advance of the NRC 2010 
Decadal Survey. The current activity is targeting the 
2020 Decadal Survey and a selection as the high-
est-priority major space astronomy mission for the 
subsequent decade.

Design work at present is concentrating on op-
eration from wavelengths of about 0.2 micrometers 
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longward to 2.5 micrometers with a suite of instru-
ments capable of carrying out a broad range of scien-
tific programs. One very attractive—albeit extremely 
challenging—science goal is the search for biosigna-
tures in the spectra of Earth-like worlds in the solar 
neighborhood. For this goal, an aperture of about 10 
meters in diameter appears feasible and fits within 
currently available launch vehicles. The multicenter 
team is also considering the opportunities offered 
by a much larger launch vehicle being developed for 
the human space flight program.

Human Operations Beyond Low-
Earth Orbit

NASA’s human space flight program, although with 
continuing significant uncertainty in its goals and 
priorities, consistently identifies operations in free 
space beyond low-Earth orbit (LEO) as a priority. 
Whether as a staging site for long-duration voyag-
es beyond the Earth-Moon system, supporting hu-
man and telerobotic exploration of the lunar sur-
face, or advancing technologies developed on the 
International Space Station (ISS), continued human 
operations in free space have been recommended to 
NASA for decades as a major enabling capability.

Dr. Thronson continues to work with a small 
team of scientists and engineers at Goddard, other 
NASA centers, and in industry, which has for sev-
eral years been developing concepts for how equip-
ment and facilities developed for human space flight 
might be used to achieve other goals. Such work 
has a long history at Goddard: In the early 1970s, 
Frank Cepollina and colleagues persisted in advo-
cating that the space shuttle be adapted to service 
and upgrade satellites in LEO. This was almost two 
decades before Cepollina’s team used the shuttle to 
rescue NASA’s premier astronomical observatory, 
the Hubble Space Telescope. Vision and persever-
ance eventually pays off!

Currently, Thronson and colleagues have taken 
on the ambitious task of designing a long-duration 
human habitation system to operate in free space in 
the vicinity of the Moon. Its primary purpose would 
be to develop capabilities necessary for safe and 
comfortable human operations beyond LEO in the 
early 2020s. A variety of goals are being evaluated 
for this habitat, including support for lunar surface 
operations, either with astronauts or with telero-
bots, and as an exploration system for an asteroid 
returned to the Earth-Moon system. However, in 
addition, the capability to repair, assemble and up-

grade complex science facilities, including large op-
tical systems, may also be considered.

More recently, Thronson co-chaired the 
Affording Mars workshop planning team, a meet-
ing co-sponsored by Explore Mars, Inc. and the 
American Astronautical Society and held at George 
Washington University. The December 2013 work-
shop critically assessed options for initial human 
missions to Mars that appear much less costly than 
scenarios that have been previously developed. The 
workshop summary and recommendations are at 
http://www.exploremars.org .

Education and Public 
Outreach

2013 was a year of uncertainty for E/PO profession-
als across NASA’s Science Mission Directorate as 
the Agency reevaluated the role of education and 
considered options for consolidation of STEM activ-
ities. The ASD E/PO team responded rapidly to re-
quests for information from NASA HQ and NASA’s 
Astrophysics Science E/PO Forum. Throughout this 
process, our team was directed to continue devel-
oping and facilitating its programs. The ASD E/PO 
team is dedicated, and even while our activities were 
being reassessed, the team accomplished much over 
the past year. 

The ASD E/PO team has extensive projects that 
align with the Physics of the Cosmos (PCOS) and 
Cosmic Origins (COR) program offices, and our 
team supports NASA astrophysics missions, includ-
ing Astro-H, JWST, Suzaku, and HEASARC. Dr. 
Amber Straughn of the Observational Cosmology 
Laboratory is the civil servant Lead for the team.

PCOS/COR E/PO

As the second fully-funded year of PCOS/COR E/
PO, 2013 saw continued growth for our new initia-
tives and established programs, under the leader-
ship of Dr. Barbara Mattson.

The Space Forensics project, lead by Sara 
Mitchell, is a cornerstone element of PCOS/COR E/
PO. This project presents astronomical mysteries as 
detective stories, with a suite of resources for formal 
and informal education venues. In 2013, the team, 
with external science writers, completed narratives 
for supernovae and black holes cases. They began 
assembling these narratives into educator guides 
with the stories and related activities. The project’s 

http://www.exploremars.org
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external evaluator developed tools for assessing 
professional development workshops and to evalu-
ate pilot implementation. 

Big Explosions and Strong Gravity (BESG), led 
by Sarah Eyermann, is a highly successful outreach 
program developed in 2004 where children explore 
the science behind supernovae and black holes 
through hands-on activities. Though BESG was ini-
tially created in collaboration with Girl Scouts, the 
curriculum is appropriate for other out-of-school 
audiences. In 2013, the team researched the needs 
of potential partners and began a website upgrade 
to accommodate expanding the program. The BESG 
team also presented a workshop at the Midwest 
Afterschool Science Academy in Kansas City, Mo.

NASA Blueshift, led by Mitchell and Maggie 
Masetti, provides a behind-the-scenes look at 
Astrophysics at Goddard through social media and 
new media. In 2013, the team released blogs high-
lighting mission milestones, scientific discoveries, 
and Division scientists, interns, grad students and 
post-docs. During 2013, the team released seven 
podcasts. Blueshift also continued to connect with 
the public through social media, nearly doubling its 
Twitter following to 35,000+ followers and more 
than tripling its Facebook likes to 18,500+.

Astrophysics Missions E/PO

HEASARC
The HEASARC E/PO program continues to fulfill 
its mission of bringing high-energy astronomy to 
teachers and their students. Mattson leads the E/
PO program with team members George Gliba and 
Meredith Gibb. The Imagine the Universe! website 
provides the foundation for HEASARC E/PO, with 
information for the general public and resources for 
the classroom. Mattson and Gibb began a site-wide 
update to bring the information on the site up-to-
date with current research. During 2013, Gliba filled 
over 750 requests for our educational materials 
from educators across the country.

JWST
JWST E/PO and Communications is a partnership 
between Goddard and the Space Telescope Science 
Institute, and other contractor collaborations. This 
has been an active year for JWST, with our larg-
est-scale activity being participation in South by 
Southwest, a music, film, and technology festival 
in Austin, Texas. The JWST presence included on-
going demonstrations, speakers, and the full-scale 
JWST model. The event even brought NASA a spot 

The full-scale James Webb Space Telescope model at South by Southwest in Austin. Credit: NASA/Chris Gunn
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in the Guinness World Records for the largest as-
tronomy lesson ever. 

JWST has a strong social media presence, with 
efforts led by Masetti. By the end of 2013, the JWST 
Twitter following doubled to 105,000+ followers, 
their Facebook page tripled to 160,000+ likes, the 
JWST YouTube channel had 100,000+ video views, 
and the Flickr feed had nearly 500,000 views. 

JWST again partnered with the RealWorld/
InWorld Engineering Design Challenge, in which 
student teams compete in both a classroom and 
virtual setting, and have online interactions with 
project scientists and engineers. Over 850 students 
participated this year. The JWST flash game “Build 
It Yourself: Satellite” passed the NASA Education 
Product Review in 2013 and posted to the JWST 
website with 38,000+ views.

Suzaku & Astro-H
This year, Astro-H E/PO, led by Mattson, contin-
ued the legacy of Suzaku E/PO. The Collaboration 
Across Cultures website provides continuity for au-
diences from one mission to the next. The Science in 
the Media lesson plan was pilot tested by a group of 
teachers from around the country and was ultimate-
ly posted to the Collaboration website.

Grants and External 
Collaborations

In 2013, the Afterschool Universe (AU) and Family 
Science Night (FSN) teams, led by Eyermann and 
Mitchell, respectively, applied for an HST supple-
mental grant (science PI: Jane Rigby) to create and 
evaluate new sessions for these programs related to 
Rigby’s research. AU and FSN are well-established 
and thoroughly evaluated programs that were first 
created in 2006. 

The ASD EPO team participated in the NASA-
wide collaboration “NASA Science4Girls and Their 
Families,” which offers informal science events pub-
lic libraries nationwide in celebration of Women’s 
History Month. The team provided resources to the 
Cerritos Library in Cerritos, Calif., to run an event 
for 10–12 year-olds in April. In addition, the ASD 
EPO team ran a local event at a Howard County li-
brary on March.

ASD Press and Communications

Press releases and web features are the primary 
means of communicating ASD science news to the 

ASD outreach: Amber Straughn at the 2013 South by Southwest festival in Austin, Texas, talks 
to attendees about the James Webb Space Telescope’s orbit using a visualization wall. 
Credit: Chris Gunn
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general public. The ASD Press Officer, Francis Reddy, 
fills this crucial role for the Division, and he pro-
duced 25 releases and features over 2013 on Fermi, 
Swift, and other Division-related news. Nearly half 
of these were accompanied by videos. Reddy also 
created the “Paper Model of Comet ISON’s Orbit” 
in conjunction with Swift observations of the comet. 
The model passed NASA Education Product Review 
and was viewed 360,000+ times. 

Finally, the ASD E/PO Group Facebook page, 
NASA Universe Education, led by Mattson, more 
than tripled its following over the year to 81,000+ 
likes. This page features the High Energy Picture of 
the Week and links to the Division’s press releases 
and web features.

Awards

Last year, several personnel received Robert H. 
Goddard Awards for their work in 2012. ASD Deputy 
Director Dr. Joan Centrella won the Mentoring Award 
“for her demonstrated commitment to mentoring 
women scientists at all stages of their careers, which 
has resulted in a positive and supportive professional 
environment for all.” Assistant Director Dr. Curtis 
Odell received the Safety Award “for thorough and 
detailed investigation into the root cause of the 
laboratory fire in Building 34, Room C259, and his 
efforts to define and implement a recovery plan.” 

In addition, Dr. Barbara Mattson, the PCOS/
COR E/PO Lead, was awarded an ASD Peer Award 
in 2013.

The Science Team Award went to the HEASARC 
team “for enabling new science results from NASA 
missions by providing high quality software for 
data search, retrieval and analysis through the 
HEASARC data archive research center” and spe-
cifically cited Alan Smale, Thomas McGlynn, Bill 
Pence, Frank Marshall, Lorella Angelini, Dave 
Chuss, Phil Newman, Keith Arnaud, Mike Corcoran, 
Steve Drake, Steve Sturner, Laura McDonald, Ed 
Sabol, Craig Gordon, Bryan Irby, Pan Chai, Urmila 
Prasad, and Michael Greason. 

The ASD Press Officer, Francis Reddy, was pre-
sented with the Outreach Award “for outstanding 
dedication to public outreach through the media, 
including exceptional scientific writing and co-
ordination with NASA video producers, result-
ing in high-impact Astrophysics press releases  
and features.”

Drs. Koji Mukai and Kim Weaver prepare for the mock press conference forming the core of the Science in the 
Media lesson plan, which was pilot tested by teachers in 2013. Credit: NASA/ B. Mattson
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Astroparticle Physics Laboratory

Dr. Neil Gehrels
Lab Chief

Laboratory Overview

The Astroparticle Physics Laboratory (Code 661) 
conducts research in cosmic ray and gamma ray 
high-energy astrophysics. Researchers investigate 
high-energy phenomena in the universe in terms of 
unified theories of fundamental interactions. The 
Laboratory conducts a broad range of space-based 
scientific studies of the origin, nature, and effects of 
cosmic rays. Researchers also observe gamma radi-
ation that carries the signatures of physical process-
es at work throughout the universe. The birth and 
evolution of black holes and other compact objects 
is a key area of investigation. The Laboratory em-
phasizes the development of new detectors and in-
strumentation technologies. In addition to the civil 
servant staff, the laboratory has 43 contract and uni-
versity scientists, engineers, technicians, post docs, 
and grad students.

Staff List

Scientist Research Interest Project/Mission Role/Affiliation
Lorella Angelini High-energy astrophysics;

Data systems
HEASARC
Suzaku

Swift
Astro-H

Project Scientist
Deputy Project Scientist
Archive Lead
Archive Lead
Archive/Data Center Lead

Scott Barthelmy Gamma-ray bursts (GRBs);
Gamma-ray Spectroscopy;
Instrument development;
Gamma-ray polarimetry

Swift
GCN
INFOCUS
ISS-Lobster

Lead Scientist (BAT)
Principal Investigator
Principal Investigator

Padi Boyd Long-term variability in X-ray 
binaries; Accretion disk dynamics

HST
Swift

HST Deputy Project 
Scientist for Operations

Theresa Brandt Particle astrophysics;
Supernova remnants;
Cosmic rays; Instrument development

Fermi
Super-TIGER

Brad Cenko GRBs; Instrument development;
Supernovae; Tidal disruption flares, 
Time-domain astronomy

Swift
Fermi
WFIRST-AFTA

Deputy Project Scientist

Study Scientist
University of Maryland
JSI

Tom Cline GRBs Swift Emeritus

Neil Gehrels Gamma-ray astronomy;
IR astronomy;
Instrument development 

Swift
Fermi
WFIRST-AFTA
ISS-Lobster

Principal Investigator
Deputy Project Scientist
Project Scientist
University of Maryland
Penn State University
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Science Highlights

First Anti-glitch detected on a 
Magnetar 

Monitoring observations over about a one-year 
interval (2011.7–2012.9) of the magnetar 1E 
2259+1586 using the Swift X-Ray Telescope have 
revealed an anti-glitch—a sudden increase in the 
spin period, or conversely, a decrease in the rotation 
rate—on April 28, 2012. This is the first clear evi-
dence for such an event. All previous glitches have 
been spin-ups of the neutron star rotation rate, rath-
er than spin-downs, and the term anti-glitch was in-
voked in order to contrast the two event types. The 

spin period of 6.979 seconds increased by about 2.2 
microseconds, a change coincident with a brief but 
intense burst of X-rays.

Normal glitches are thought to occur when the 
neutron star’s internal structure suddenly chang-
es. Theory tells us that beneath the star’s 200-me-
ter-thick outer crust of iron lies a neutron-rich 
superfluid. One of the properties of rotating super-
fluids is that their vorticity, or circulation tendency, 
is concentrated into quantum vortex lines. As the 
neutron star spins down with time, the quantum 
vortices in the deep crust become pinned to crust 
lattice nuclei, thereby keeping this layer rotating 
faster than the rest of the star. When one of these 
vortices comes loose in a catastrophic “unpinning”’ 

Scientist Research Interest Project/Mission Role/Affiliation
Robert Hartman Gamma-ray astronomy Fermi Emeritus

Elizabeth Hays High-energy gamma-ray sources;
Instrument development

Fermi Deputy Project Scientist 
JSI

Stanley Hunter Galactic diffuse emissions, 
Experimental gamma ray astrophysics;
Gamma-ray polarimety; detector 
development

3-DTI
AdEPT

NASA PI

Julie McEnery GRBs; High-energy astrophysics; 
Instrumentation

Fermi Project Scientist
University of Maryland

John Mitchell Experimental particle and gamma-ray 
astrophysics;
Instrument and detector development

BESS-Polar 
CALET
HELIX
ISS-CREAM
Super-TiGER
NASA Scientific Balloon 
Program

NASA PI
Institutional PI
Institutional PI
Institutional PI
Institutional PI
Project Scientist

Jeremy Perkins Active Galactic Nuclei (AGN); High- 
energy astrophysics;
Instrumentation

Fermi

Judith Racusin GRBs; Supernova remnants;
High-energy astrophysics;
Instrumentation

Fermi
Swift
ISS-Lobster

Deputy Project Scientist

Donald Reames Astrophysics of energetic-particle 
acceleration at the Sun, in the 
heliosphere and in the galaxy 

Wind/EPACT Emeritus

David 
Thompson

Multiwavelength astrophysics, 
particularly of AGN and pulsars;
High-energy astrophysics;
Instrumentation

Fermi Deputy Project Scientist

Tonia Venters Astroparticle physics;
Diffuse emissions

Fermi

Tycho von 
Rosenvinge

Energetic particles in the heliosphere, 
their acceleration, composition, and 
transport

ACE,
STEREO,
Solar Probe+

Project Scientist
Co-Investigator
Co-Investigator
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event, the overall rotation rate increases and pro-
duces a glitch. 

How could an anti-glitch occur? Two mecha-
nisms were discussed in the context of the Swift 
detection, one internal and the other external. The 
internal model requires some mechanism analogous 
to vortex unpinning that instead taps into a slow-

Sketch of a neutron star’s interior, after Pines and 
Alpar (1985).

er-than-average angular momentum layer inside the 
star. The external model invokes a sudden change in 
the magnetic field lines threading the neutron star 
and linking it to the surrounding plasma.

Exceptional gamma-ray burst 
challenges our understanding of 
shock physics
On April 27, 2013, Fermi and Swift triggered on 
gamma-ray burst (GRB) 130427A, which turned 
out to be one of the brightest ever detected in gam-
ma-rays. The high-energy (>100 MeV) gamma-ray 
observations by the Fermi-Large Area Telescope 
(LAT) showed several unprecedented properties, 
including a short initial spike coincident with the 
keV-MeV Fermi Gamma-ray Burst Monitor (GBM) 
emission, followed by relative quiet during the main 
prompt GBM emission over the next tens of sec-
onds, then a peak and decay detected for nearly a 
day. Swift slewed its narrow-field X-Ray Telescope 
and UltraViolet/Optical Telescope toward the GRB, 
and ground-based optical telescopes began follow-
ing the afterglow decay. The RAPTOR telescope ob-
served the optical peak to an R-band magnitude of 
7.4, making it the second-brightest optical counter-
part to a GRB ever detected. 

In the following hours, a high-resolution spec-
trum taken at the Gemini-North optical telescope 
led to a redshift measurement of 0.34, much clos-
er than the average GRB redshift of ~2. It became 

Outer Crust

Neutron-rich Nuclei, Electrons,
Pinned Neutron Super�uid

Pion Condensate?

3P2 Super�uid Neutrons

1S0 Superconducting Protons

Electrons

Neutrons, Electrons, Unpinned Neutron Super�uid
0.0043 11.7 km0.1

2.4 10.3 km

8 km

6.7 x 10-8

5.6

(ρ/1014  g cm
-3 )

11.9 km

11

2011.6 2011.8 2012.0 2012.2 2012.4 2012.6 2012.8 2013.0

Year

55,800 55,900 56,000 56,100 56,200 56,300

Date (MJD)

–0.2

–0.4

–0.6

30

20

10

0

3.0

2.5

2.0

1.5

R
e
s
id

u
a
ls

 (
s
)

Δ
�
 (
μ

H
z
)

2
–
1
0
-k

e
V

 fl
u
x

(1
0

–
1
1
 e

rg
 s

–
1
 c

m
–
2
)

5

4

3

2

1

0

R
e
s
id

u
a
ls

(p
h
a
s
e
)

a

b

c

2

1

0

(s
)

0 25 50 75

MJD 56,000

R
e
s
id

u
a
ls

3

Timing and flux properties of 1E 2259+1586 since mid-2011 from Archibald et al. (2013).



14	 Astroparticle Physics Laboratory

Annual Report 2013	 Astrophysics Science Division

Swift Ultraviolet Maps of the 
Magellanic Clouds

The Ultraviolet/Optical Telescope (UVOT) on board 
Swift has completed the first wide-field multi-color 
near-ultraviolet survey of the Magellanic Clouds. 
The Large Magellanic Cloud (LMC) and Small 
Magellanic Cloud (SMC) lie about 163,000 light-
years and 200,000 light-years away, respectively, 
and orbit each other as well as our own Milky Way 
galaxy. The LMC is about one-tenth the size of the 
Milky Way and contains only one percent of the 
Milky Way’s mass. The SMC is half the size of the 
LMC and contains about two-thirds of its mass. 
Despite their small actual sizes, the galaxies are 
large in the sky because they are so close to us, and 
they extend far beyond the UVOT’s field of view. 
Thousands of images were needed in order to cov-
er both galaxies in three ultraviolet colors between 
1600 and 3300 angstroms. 

The resulting mosaics show the LMC and SMC 
in never-before-seen detail in the ultraviolet. Nearly 
a million ultraviolet sources appear in the image of 
the LMC, which was assembled from 2,200 individ-

apparent that GRB 130427A was not necessarily 
the most exceptional GRB ever observed, but rath-
er, it was similar to its cosmological cousins, and it 
just happened to go off in our “backyard.” All other 
low-redshift GRBs detected previously had been un-
der-luminous. As the GRB community began taking 
observations, other firsts included NuSTAR detect-
ing the first late-time hard X-ray afterglow, at 1 and 
5 days after the burst. As the GRB afterglow is slowly 
fading, it may be detectable in the radio and X-ray 
bands for years to come.

The detailed radio-to-GeV observations of GRB 
130427A present challenges for the standard theo-
retical models that attribute the afterglow emission 
to a slow-cooling synchrotron component. Current 
models of shock physics seem unable to generate the 
late-time energetic particles needed to produce such 
high-energy synchrotron gamma rays.

More than a dozen papers on this object have 
already been published, including significant con-
tributions by ASD staff including Sylvia Zhu, Judy 
Racusin, Dan Kocevski, Brad Cenko, Eleonora Troja, 
Julie McEnery, and Neil Gehrels

Nearly a million ultraviolet sources appear in this mosaic of the Large Magellanic Cloud, which was assembled 
from 2,200 individual images taken by Swift’s Ultraviolet/Optical Telescope. The 160-megapixel image required 
a cumulative exposure of 5.4 days and covers the near-ultraviolet from 1600 to 3300 angstroms. NASA/Swift/S. 
Immler (Goddard) and M. Siegel (Penn State)
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past year, Fermi’s ever-deepening high-energy gam-
ma-ray sky survey and ongoing monitoring allowed 
scientists to build the most detailed map of the sky 
at these wavelengths and to catch extraordinary 
transients in action. 

David Thompson and Elizabeth Ferrara with 
other team members have been preparing the 
third catalog of sources from Fermi’s Large Area 
Telescope (LAT), containing more than 3,000 ob-
jects. Thompson, Ferrara, Alice Harding, and Megan 
DeCesar also contributed to the second catalog of 
LAT gamma-ray pulsars, containing 117 detections. 
Harding and DeCesar additionally studied models 
of pulsar emission geometry using the light curves 
of the brightest Fermi pulsars. Thompson, Ferrara, 
Fabio Acero, Roopesh Ojha, and Davide Donato fo-
cused on characterizing gamma-ray sources in the 
LAT catalog without counterparts at other wave-
lengths as new gamma-ray pulsars, active galactic 
nuclei, or other sources that don’t fit well in either 
class. Acero, Jack Hewitt, Terri Brandt, and Jamie 
Cohen have been studying the emerging population 
of gamma-ray-emitting supernova remnants. The 
multiwavelength spatial and spectral properties of 
LAT-detected remnants continue to constrain and 
characterize particle acceleration sites in the Galaxy. 
David Green and Alex Moiseev have been pursuing 
different angles on accelerated particles through di-

This view shows the entire sky at energies greater than 1 GeV based on five years of data from the LAT instrument 
on the Fermi Gamma-ray Space Telescope. Brighter colors indicate brighter gamma-ray sources. NASA/DOE/
Fermi LAT Collaboration

ual snapshots. The 160-megapixel image required a 
cumulative exposure of 5.4 days. The 55-megapixel 
image of the SMC has an accumulated exposure time 
of almost two days and contains over 250,000 ultra-
violet sources. The unprecedented data set is being 
used to look at the recent star formation history of 
the Magellanic Clouds, the distribution of young 
stellar populations over the face of the galaxies, and 
the location of rare stellar types such as post-asymp-
totic giant branch stars and unusually hot UV-bright 
stars. Photometry of thousands of open and globu-
lar clusters is revealing the sequences of bright main 
sequence stars, blue horizontal branch stars and ex-
treme horizontal branch stars, and will be used to 
study the LMC and SMC’s dust extinction law.

Projects in Operation

Fermi

In August 2013, the Fermi Gamma-ray Space 
Telescope marked five years of scientific discovery 
and embarked on the extended phase of the mission. 
In honor of the anniversary, the Goddard Visitor’s 
Center added a 1/10th scale model of the observa-
tory and new graphical displays of Fermi science 
thanks to an effort led by Tonia Venters. Over the 
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rect measurements of cosmic-ray electrons and nu-
clei with the LAT.

Ojha, Donato, Mike Dutka, Bryce Carpenter, and 
Bill McConville have been watching the sky for new 
flares and new sites of gamma-ray emission as LAT 
flare advocates. They explored the multiwavelength 
properties of gamma-ray blazars through follow-up 
observations, particularly in the X-ray band and the 
radio band to obtain high-resolution images of jet 
features. Ojha and Dutka also contributed to a pub-
lication with Elizabeth Hays on a recent bright flare 
in the Crab Nebula. The extremely rapid variations 
in the gamma-ray emission have challenged mod-
elers of pulsar nebulae including Harding to iden-
tify the mechanism at work in the magnetic struc-
ture of the Crab’s pulsar wind. McConville, Jeremy 
Perkins, and Josefa Becerra Gonzalez have pursued 
very high energy follow-up for AGN detected by 
LAT using ground-based gamma-ray telescopes to 
explore some of the most energetic and rapidly vary-
ing sources in the sky. 

Sylvia Zhu led a paper for the LAT team with 
Judy Racusin, Daniel Kocevski, and Julie McEnery 
on observations of the groundbreaking gamma-ray 
burst (GRB) 130427A. This relatively nearby out-
burst produced the highest fluence and highest-en-

Before-and-after maps centered on the northern Galactic pole at energies above 100 MeV show the dramatic 
appearance of GRB 130427A as seen by Fermi’s LAT instrument. Left: The sky during a 3-hour interval before 
GRB 130427A. Right: A 3-hour map ending 30 minutes after the burst. NASA/DOE/Fermi LAT Collaboration

ergy photon measured for a GRB and challenged 
existing ideas about production of the gamma-ray 
emission. Sylvain Guiriec modeled spectral proper-
ties of GRBs in Fermi’s Gamma-ray Burst Monitor 
(GBM), finding a strong photospheric component 
in the short GRB 1202323A. Brad Cenko has been 
using ground-based optical telescopes to find coun-
terparts of GRBs seen with the GBM. GRBs have not 
been the only transient puzzle. The LAT also cap-
tured outbursts from two classical novae in 2013, 
bringing the total observed with the LAT to five and 
deepening the mystery of what drives gamma-ray 
production in novae. While other efforts have fo-
cused on the foreground sources of gamma rays, 
Venters has been working on decoding signatures 
in the gamma-ray background connected to the in-
tergalactic magnetic field strength. A busy year of 
milestones, gamma-ray catalogs, and new and unex-
pected discoveries closed with the transition of the 
Fermi all-sky survey to a new observation strategy 
that maximizes exposure toward the Galactic center, 
a region dense in gamma-ray activity and of particu-
lar interest for searching for dark matter signatures 
and possible high-energy flaring as the G2 cloud 
passes near the central black hole. 
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Swift

Swift is a NASA Explorer mission, with internation-
al participation, that is designed to find gamma-ray 
bursts and other transients and study them over a 
wide range of wavelengths, from gamma rays to op-
tical light. It was launched in 2004 and is in its ex-
tended mission phase with re-entry no earlier than 
2025. There are three telescopes aboard Swift: the 
Burst Alert Telescope is a coded-aperture hard X-ray 
detector that operates between 15 and 150 keV; the 
X-Ray Telescope observes in the 0.2–10 keV ener-
gy band; the UltraViolet/Optical Telescope collects 
data between 1600 and 6000 angstroms.

In nine years since launch, Swift has detected 
and localized more than 800 GRBs. Some of the 
mission’s most recent key scientific accomplish-
ments have been:
•	 Discovering the first short hard burst (GRB 

130603B) associated with a “kilonova.” These 
observations provided strong support for the 
theory that short bursts are due to the merging of 
binary neutron stars.

•	 Making high-quality metallicity measurements 
of star-forming regions at the highest redshifts 
(z > 5) using GRBs (e.g., GRB 130606A at z=5.9).

•	 Discovering new types of transients, such as ul-
tralong GRBs, relativistic tidal disruption events, 
and supernova shock breakouts, and extreme 
stellar explosions, such as the record-setting 
GRB 130427A. 

•	 Discovering the first pulsar anti-glitch in the 
magnetar 1E2259+586 in the RCW103 supernova 
remnant. These observations call for a rethinking 
of glitch theory for all neutron stars. Discovering 
a new magnetar in the Galactic center, SGR 
J1745–29, located just arcseconds from SGR A*.
Swift has been widely recognized as a 

ground-breaking mission. It was ranked first in 
the 2012 Senior Review. By the end of 2013, nearly 
2,000 refereed papers have been published that are 
based on Swift results, with 40 discovery papers in 
either Nature or Science (six in 2013). 

The Swift Guest Investigator Program adds an 
important peer-reviewed component to the Swift 
research and includes both GRB and non-GRB sci-
ence. During the 2013 Cycle 10, 175 proposals were 
received, requesting $5.3M in funds and 15.6 Ms 
total exposure time for 1,150 targets. The oversub-
scription rate is a factor of 4.4. 

Goddard scientists involved in Swift are L. 
Angelini, S. Barthelmy (PS), W. Baumgartner, P. 

ASD outreach: Wayne Baumgartner took this beautiful photo of Comet Pan-STARRS (C/2011
L4) and the Washington monuments from the West Front of the U.S. Capitol on  
March 12, 2013.
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Boyd, J. Camp, J. Cannizzo, B. Cenko (DPS), T. 
Cline, J. Cummings, N. Gehrels (PI), H. Krimm, 
A. Lien, C. Markwardt, F. Marshall, J. Racusin, A. 
Smale, and E. Troja.

Mission and Instrument 
Concepts

RATIR and RIMAS

The Reionization And Transients InfraRed (RATIR) 
camera has been successfully operating at San Pedro 
Martir observatory of the Universidad Nacional 
Autónoma de México (UNAM) in Baja California. 
The instrument follows up Swift GRB triggers in 
an automated mode. Since the beginning of its op-
eration in December 2011, RATIR has followed up 
59 events, producing photometry in the visible and 
infrared bands. The project is a collaboration be-
tween Goddard (N. Gehrels, A. Kutyrev, H. Moseley, 
E. Troja), UC Berkeley, ASU (PI, N. Butler) and 
UNAM. The agreement to continue the operation of 

The RIMAS dewar assembled in the lab with the detector readout electronics attached.

the instrument has been extended for another two-
year period.

RIMAS (Rapid IMAger-Spectrometer) is a joint 
project with the University of Maryland to develop 
an instrument for the Discovery Channel Telescope 
(DCT) at Lowell Observatory in Flagstaff. Goddard 
scientists are A. Kutyrev, B. Cenko, N. Gehrels, H. 
Moseley. RIMAS will have imaging and spectroscop-
ic capabilities in the infrared region from 0.95mm to 
2.4mm. It will be used to follow up transient sources, 
including gamma-ray bursts and supernovae. The 
instrument is currently under construction. As part 
of the collaboration with Lowell Observatory, initial 
observations of GRB afterglows have been carried 
out with the existing DCT visible imaging camera. 

ISS-Lobster

ISS-Lobster is a wide-field X-ray transient all-
sky monitor proposed for deployment on the 
International Space Station. It represents a collabo-
ration of scientists from across the Division, includ-
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ing 661 personnel. We report on this mission con-
cept in the Gravitational Wave Astrophysics 
Laboratory (663) section.

Wide Field Infrared Survey 
Telescope-Astrophysics Focused 
Telescope Assets (WFIRST-AFTA) 
WFIRST-AFTA is a concept currently being studied 
as an astrophysics mission for the 2020s.

Lab chief Neil Gehrels is the Project Scientist 
and both Gehrels and Brad Cenko provide support 
for the mission study, on which we report in the 
Exoplanet Laboratory (667) section.

Suborbital

Balloon-Borne Experiment with a 
Superconducting Spectrometer - 
Polar (BESS-Polar)
BESS-Polar was developed for sensitive 
investigations of the nature of the dark matter and 
the apparent dominance of matter over antimatter 
using long-duration balloon flights over Antarctica. 
The collaboration is co-led by Goddard (J. Mitchell) 
and KEK (High Energy Accelerator Research 
Organization, A. Yamamoto) and ASD team 

members are J. Mitchell, M. Sasaki, K. Sakai, and 
T. Hams. 

BESS-Polar uses a thin solenoidal supercon-
ducting magnet with a drift-chamber tracking sys-
tem providing a large geometric acceptance for ra-
re-particle measurements. Detectors to measure the 
charge and velocity of incident particles, time-of-
flight scintillators and an aerogel Cherenkov count-
er form partial cylinders around the magnet. A mid-
dle time-of-flight layer within the magnet, below the 
tracker, reduces the threshold energy to about 100 
MeV referenced to the top of the atmosphere.

BESS-Polar has investigated the possibility that 
low-energy antiprotons might result from evapora-
tion of small (~5 × 1011 kg) primordial black holes by 
Hawking radiation. BESS-Polar II identified 7,886 
cosmic ray antiprotons between 0.17 and 3.5 GeV in 
24.5 days of flight at solar minimum (2007–2008) 
when the signature of a primary source would be 
least affected by solar modulation. Within statistics, 
no evidence was found of primary antiprotons from 
primordial black holes. BESS-Polar II data were 
also carefully searched for evidence of antihelium. 
Combining all BESS-Polar and BESS data gave an 
upper limit to the ratio of antihelium to helium of 
6.9 × 10–8, the most stringent limit to date and stron-
ger by more than three orders of magnitude than the 
first limits reported. Final analysis of high-precision 
BESS-Polar proton measurements is nearing com-
pletion. Preliminary results were presented at the 

BESS-Polar II prepares for launch from Williams Field near McMurdo Station, Antarctica, in December 2007. 
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signatures of dark matter, the sources of high-ener-
gy particles and photons, and the details of particle 
acceleration and transport in the galaxy. A 27-ra-
diation-length deep-imaging particle calorimeter 
provides energy resolution of a few percent and ex-
cellent separation between hadrons and electrons 
and between charged particles and gamma rays. 
Plastic scintillators measure particle charge and act 
as anticoincidence detectors for gamma-ray mea-
surements. CALET is a JAXA project (PI, S. Torii, 
Waseda University) with researchers from Japan, 
Italy, and the U.S. (Louisiana State University, 
Goddard, Washington University in St. Louis, 

33rd International Cosmic Ray Conference in Rio 
de Janeiro in July 2013.

Calorimetric Electron Telescope 
(CALET)

CALET is a new mission for the Japanese 
Experiment Module-Exposed Facility (JEM-EF) 
on the International Space Station (ISS), mani-
fested to fly on HTV-5 (H-II Transfer Vehicle 5) in 
2015. CALET will measure the high-energy spectra 
of electrons, nuclei, and gamma-rays to investigate 

The engineering model of the CALET Main Telescope during the 2012 beam test at the CERN SPS. The zenith 
surface of the detector is pointed to the left in this picture to accept the incoming particle beam.
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tion changes and to measure the ratio of secondary 
to primary cosmic rays. CALET will perform a gam-
ma-ray all-sky survey, complementing Fermi and 
HESS observations, to detect intense high-energy 
sources, study the diffuse component, and search 
for new regions of emission. CALET includes a 
low-energy (7 keV–20 MeV) gamma-ray burst mon-
itor. GRB measurements are extended to high ener-
gy using the calorimeter.

CALET has been tested at the CERN (European 
Organization for Nuclear Research) Super Proton 
Synchrotron (SPS) using proton and electron beams 
up to 400 GeV in energy and with heavy-ions from 
a fragmented Pb beam. Mitchell co-led these tests 
and carried out SPS beam tuning and development.

ISS Cosmic Ray Energetics and 
Mass (ISS-CREAM) 

The ISS-CREAM instrument is adapted from the 
balloon-borne CREAM payload and planned for 

and the University of Denver). The ASD team of 
J. Mitchell, T. Hams, J. Krizmanic, A. Moiseev, and 
M. Sasaki are responsible for the instrument simu-
lation, performance models, and accelerator testing 
and calibration. Krizmanic and Moiseev lead the 
U.S. simulation effort.

CALET is focused on investigating the high-en-
ergy total electron spectrum into the trans-TeV 
energy range. These measurements have the po-
tential to identify, for the first time, the signature 
of high-energy particles accelerated in a local as-
trophysical engine and subsequently released into 
our galaxy. Because electrons lose energy rapidly by 
synchrotron and inverse Compton processes, TeV 
electrons must have been accelerated within about 
100,000 years and can have diffused at most a few 
hundred parsecs. CALET will also search for signa-
tures of dark-matter-annihilation in electron and 
gamma-ray spectra. Its measurements of cosmic ray 
nuclei from hydrogen to iron will extend into the re-
gion of the “knee” around of 1015 eV to investigate 
possible structure and energy-dependent composi-

The CREAM instrument during balloon inflation for an Antarctic flight.
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Super Trans-Iron Galactic 
Element Recorder (Super-TIGER)

SuperTIGER, a new, large-area cosmic-ray instru-
ment for long-duration Antarctic balloon flights, 
was launched on Dec. 8, 2012, from Williams 
Field, Antarctica. In about 2.7 circumnavigations of 
Antarctica, it flew for over 55 days, setting duration 
records for heavy-lift scientific balloons. The instru-
ment returned excellent data on over 50 × 106 cos-
mic-ray nuclei heavier than Ne. The SuperTIGER 
collaboration includes Washington University in 
St. Louis (PI, W. Robert Binns), Goddard, Caltech, 
and JPL. The Goddard team includes J. Mitchell, 
T. Hams, J. Link, M. Sakai, and T. Brandt. 

SuperTIGER measures the abundances of indi-
vidual elements from neon-10 to neodymium-60. 
High-statistic measurements from zinc-30 to mo-
lybdenum-42 will test and clarify the emerging 
model of cosmic-ray origin in OB associations and 
models for atomic processes by which nuclei are se-
lected for acceleration. Super-TIGER also measures 
the energy spectra of the more abundant elements 
silicon-14 to nickel-28 at energies 0.8 ≤ E ≤ 10 GeV/
nucleon to search for features that microquasars or 

launch to the JEM-EF on ISS in 2015 using the 
SpaceX Dragon. ISS-CREAM will make direct mea-
surements of cosmic-ray spectra from protons to 
iron to energies approaching the spectral “knee” 
around 1015 eV. These measurements will test mod-
els of cosmic-ray acceleration and provide calibra-
tion data required to interpret ground-based air-
shower measurements. In addition, ISS-CREAM 
measurements of the energy-dependent abundance 
ratios of secondary cosmic-ray species to their pri-
mary progenitors will test models of cosmic-ray 
transport and storage in the galaxy. ISS-CREAM 
will also measure cosmic-ray electrons into the TeV 
energy range to investigate possible contributions 
of local cosmic particle accelerators. ISS-CREAM 
uses a tungsten/scintillating-optical-fiber calorime-
ter to measure the energy of incident particles and 
silicon pixel detectors to measure particle charge. 
Scintillator-based detectors distinguish electron 
and hadron showers. The ISS-CREAM collabora-
tion includes the University of Maryland (PI, Eun-
Suk Seo), Goddard, Pennsylvania State University, 
and Northern Kentucky University, as well as col-
laborators in Korea, France, and Mexico. ASD team 
members are J. Mitchell and J. Link. Goddard, 
Penn State, and Northern Kentucky University are 
building a new Boronated Scintillator Detector for 
ISS-CREAM that measures neutrons to help distin-
guish high-energy electron cascades in the calorim-
eter from those initiated by protons. Because more 
neutrons are produced in hadronic cascades than 
in electromagnetic showers of the same energy, the 
neutron count is a sensitive discriminator to deter-
mine whether a shower was initiated by a hadron, 
such as a proton or atomic nucleus, or by an electron 
or gamma ray.

SuperTIGER-1 climbing out just after launch.
The SuperTIGER-1 instrument before launch on Dec. 
8, 2012, the start of a record-breaking 55-day flight.
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other phenomena could superpose on the otherwise 
smooth energy spectra.

SuperTIGER uses three layers of plastic scintilla-
tor and two Cherenkov detectors, one with an acryl-
ic radiator and one with a silica aerogel radiator, to 
determine the charge and energy of incident nuclei. 
A coded scintillating optical fiber hodoscope gives 
area and path length corrections. Two independent 
instrument modules, each with a 1.16 m × 2.4 m ac-
tive area, give a total detection area of 5.4 m2 and an 
effective geometry factor of 3.9 m2 sr at selenium-34 
after nuclear interaction losses are considered. Data 
from the SuperTIGER-1 flight show resolution at 
iron-26 < 01.7 charge units with clear peaks for ev-
ery element up to molybdenum-42. Goddard is re-
sponsible for the scintillators, Cherenkov detectors, 
and instrument mechanical structure and has led 
the instrumental calibration and analysis effort.

Because the SuperTIGER-1 flight was terminat-
ed very late in the Antarctic season at a distance of 
1,625 km from McMurdo, we were not able to recov-
er it in 2013. However, photographs taken from an 
airplane show that the instrument is upside down 
with the detectors buried in the snow. Recovery is 
now planned for 2014/2015. A new SuperTIGER-2 
instrument is planned for flight in 2017.

Technology Development

Three-Dimensional Track Imager 
Detector for Gamma-ray Imaging 
with Polarization
Stanley Hunter, Seunghee Son, Michael Dion, and 
Andrei Hanu continued development of the Three-

Dimensional Track Imager (3-DTI) for a future 
gamma-ray telescope with the goal of providing op-
timum angular resolution and polarization sensitiv-
ity in the medium-energy (5–500 MeV) gamma-ray 
range. Dr. Hanu, a graduate of McMaster University 
and a NASA Postdoctoral Program Fellow, joined 
the 3-DTI development team in December.

The 3-DTI is a large-volume time-projection 
chamber (TPC) capable of three dimensional track-
ing and momentum measurements used for particle 
identification. A two-dimensional micro-well detec-
tor (MWD) serves as a spatial readout and multipli-
cation stage while the third coordinate is obtained 
from the drift time of the primary charge through 
the gas volume. Each well of the MWD, 200 mm 
diameter on 400 mm centers, is an active gas pro-
portional counter with gas gain of ~104. Negative ion 
drift is utilized to reduce the drift velocity and diffu-
sion allowing for the large TPC volume. 

Development of the 3-DTI technology this year 
has been slowed due to lack of limited funding. The 
team’s accomplishments this year include:
•	 Teresa Sheets, with IRAD support, started de-

velopment of multi-core processor hardware 
for parallel processing of the giga-bit per sec-
ond streaming mode data expected from 1 m3 

3-DTI modules. The goal of this effort is to de-
fine the high data rate processing equipment 
and parallel processing methods for handling 
the on-board, real time, memory intensive pro-
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SuperTIGER-1 histogram of cosmic-ray elements 
measured up to zinc, which highlights the instrument’s 
excellent resolution of individual elements. 30 × 30 × 15  cm3 3-DTI prototype; the 30 ×30 cm2 

MWD can be seen between the wires and supports 
forming the 15-cm tall drift volume. The flex-circuit 
connections between the MWD electrodes and 
the charge-sensitive front-end electronics have not 
been connected. The front-electronics and high-
voltage supply for the drift grid are located below the 
aluminum plate. 
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including gamma-ray bursts, supernovae, and tidal 
disruption flares. Brad is also intent on developing 
instrumentation and software to enable novel ob-
servations of such time variable phenomena. He is 
excited about the opportunity to work with the ex-
tremely successful Swift team, in particular to help 
coordinate multiwavelength observations of the 
many exciting discoveries coming out of ground-
based transient surveys.

Antonino Cucchiara 

In August, Antonio joined 
ASD as an NASA Postdoctoral 
Program (NPP) Fellow 
working on gamma-ray burst 
(GRB) science. Before that, 
he was a postdoc with a joint 
appointment at UC Berkeley 
and UC Santa Cruz working on 
GRB follow-up, spectroscopic 
studies of GRB afterglows 

and their host galaxies. He completed his Ph.D. at 
Penn State in the same topic. His interests include 
quasar absorption line studies and the chemistry of 
the early universe. He has become more involved 
in identifying and study the first stars and galaxies 
using GRB observations obtained with rapid 
spectroscopic follow-up campaigns, and he intends 
to get involved in developing a new generation 
of near-infrared instruments for ground-based 
telescopes and space observatories. He is excited to 
be at Goddard, reconnecting with old friends and 
co-workers from his early years in the U.S. (he is an 
Italian citizen) and at the same time learning very 
interesting aspects of the future space exploration. 
He is supplementing his ground-based expertise 
with knowledge acquired by working with missions 
like Fermi and Swift.

Andrei Hanu 

Andrei joined the ASD as 
an NPP Fellow in December 
to work on the AdEPT Pair 
Telescope with Dr. Stanley 
Hunter. He received his doc-
torate in Medical Physics 
from McMaster University in 
Hamilton, Ontario, where he 
worked on the development 
of a THGEM (thick gaseous 

cessing of the Gb/s data stream to support the 
short-term and long-term development of the 
Advanced Energetic Pair Telescope (AdEPT) in-
strument and other future scientific missions. A 
Tilera TILEncore-GX36-12 processor was pur-
chased and existing code was ported to it and 
run. Streaming mode data including the cosmic 
ray background expected for the 3-DTI operating 
in low-Earth orbit has been simulated and tested 
with the Tilera hardware.

•	 An APRA proposal was submitted but not select-
ed for continued funding. A new proposal will be 
submitted in FY14. 

•	 A manuscript, “A Pair Production Telescope 
for Medium-Energy Gamma-Ray Polarimetry,” 
authored by S. Hunter, P. Bloser, G. Depaola, 
M.  Dion, G. DeNolfo, M. Iparraguirre, J. 
Legere, M. McConnell, S. Nowicki, J. Ryan, 
S. Son, and F.  Stecker, was submitted to  
Astroparticle Physics. 

Awards

In 2013, both the Columbia Scientific Balloon Facility 
in Palestine, Texas, and the SuperTIGER team won 
a NASA Honor Award for Group Achievement. 
Elizabeth Hays won the Robert H. Goddard Honor 
Award for Science for her “exceptional scientific 
performance in the discovery of high-energy 
gamma-ray flares from Galactic sources.”

New Faces

Brad Cenko 

Brad earned his Ph.D. in 
2008 from the California 
Institute of Technology. His 
thesis work, supervised by 
Profs. Fiona Harrison and 
Shri Kulkarni, studied the 
energetics and environments 
of Swift gamma-ray bursts. 
Following this, he served as 
a postdoc at the University 

of California, Berkeley, working with Profs. Alex 
Filippenko and Josh Bloom as part of the Palomar 
Transient Factory collaboration. In June, Brad ar-
rived at Goddard as a new civil servant, where he 
will be working with the Swift and Fermi teams. His 
research interests are varied but largely fall under 
the rubric of observational time-domain astronomy, 
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electron multiplier) imaging detector. While he does 
not have a direct background in astronomy or as-
trophysics, he is interested in developing new gas-
based, particle-tracker detectors, which have wide 
applications in astrophysics, nuclear physics, and 
medicine. He is particularly interested in the de-
velopment of electron-tracking Compton cameras, 
which show tremendous potential to improve the 
spatial resolution and sensitivity of current PET 
and SPECT imaging devices. He came to Goddard 
to learn the techniques used in designing space in-
strumentation and to study how they can be applied 
to other fields in physics, particularly medical imag-
ing devices. He is also looking forward to learning as 
much as he can about astrophysics while he is here.
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In Remembrance

Dr. Jack Tueller from the Astroparticle Physics Lab 
(661) in the Astrophysics Division passed away Feb. 
20, 2013, after a battle with pancreatic cancer. Jack 
came to Goddard in 1979 after a Ph.D. with advisor 
Martin Israel at Washington University, St. Louis. 
He successfully flew his own cosmic ray thesis bal-
loon instrument as a graduate student. At Goddard 
he pursued gamma-ray astronomy and became 
a world-renowned experimental astrophysicist. 
He worked with Bonnard Teegarden on the LEGS 
and GRIS balloon spectrometers and became the 
Principal Investigator for GRIS in 1993. GRIS was 
a highly successful payload with eight successful 
flights and scientific discoveries of gamma-ray line 
emission from SN 1987A and the distribution of 
positron annihilation line emission from the galac-
tic center region. For these findings, he shared in 
the Lindsay Award in 1991. Jack was recently lead-
ing the InFOCuS balloon instrument for hard X-ray 
focusing science. He was the Project Scientist for 
NASA’s balloon program. He was also highly active 
in the analysis of hard X-ray survey data from the 
BAT instrument on Swift. Jack was an ebullient and 
happy character who was the life of whatever activity 
he was involved with. Jack will be greatly missed by 
us all.

Dr. Jack Tueller (photo credit: Debbie McCallum/ 
NASA / GSFC)
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X-ray Astrophysics Laboratory

Dr. Rob Petre
Lab Chief

Dr. Joanne Hill
Associate Lab Chief

Laboratory Overview
The scientists in the X-ray Astrophysics Laboratory (Code 662) conduct investigations of a broad range of 
astronomical systems through the detection and analysis of their X-ray emission and other radiations they 
emit. Objects studied range from nearby solar system objects to cosmological structures. Researchers in-
vestigate the physics of extreme environments such as those near the event horizons of black holes and the 
evolution of stars, galaxies, and large-scale structures. The Laboratory is the preeminent developer of state-
of-the-art X-ray astronomical detectors and optical systems for performing precise spectroscopy, polarim-
etry, timing, and imaging. These instruments have been employed in numerous suborbital applications 
(sounding rockets and balloons) and orbiting observatories. In addition to the civil service staff, the labo-
ratory contains 65 university and contract scientists, engineers, technicians, post docs, and grad students.

Staff List

Scientist Research Interest Project/Mission Role/Affiliation
Megan Eckart Low-temperature detectors, high-

resolution X-ray spectroscopy, 
active galactic nuclei (AGN)

Astro-H SXS
X-ray calorimeters

Calibration Scientist

Keith Gendreau Pulsars, black holes, X-ray 
interferometry, diffractometers, 
cosmic X-ray background, X-ray 
spectroscopy

NICER
Astro-H SXS

Principal Investigator
Co-Investigator

Joe Hill-Kittle X-ray polarimetry, X-ray detectors, 
gamma-ray bursts

Swift
X-ray polarimeter

XRT Instrument Scientist

Ann 
Hornschemeier 
Cardiff

Accreting binary populations, 
starburst galaxies, AGN, clusters 
and groups of galaxies

Physics of the Cosmos 
Program
Astro-H SXS
NuSTAR
ISS-Lobster

Chief Scientist 
Co-Investigator
Science team member
Johns Hopkins University

Keith Jahoda X-ray polarimetry, 
diffuse X-ray background

X-ray polarimeter

Tim Kallman X-ray spectroscopy, polarimetry of 
accreting compact objects

Astro-H SXS Co-Investigator

Richard Kelley X-ray astrophysics, imaging 
X-ray spectroscopy using X-ray 
calorimeters.

Astro-H SXS U.S. Principal Investigator
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Science Highlights

The reverse shock of Tycho’s SNR

Shock waves are ubiquitous phenomena observed 
not only in the Earth but also in Universe. Unlike 

terrestrial shocks, astrophysical shock waves are 
likely mediated by something other than particle 
collisions, such as electromagnetic field, but how 
these shocks are formed has been one of the most 
important, long-standing questions in astrophysics. 
An ASD scientist, Dr. Hiroya Yamaguchi, studied 

Scientist Research Interest Project/Mission Role/Affiliation
Caroline 
Kilbourne

Low-temperature detectors, high-
resolution X-ray spectroscopy, 
starburst galaxies, WHIM

Astro-H SXS 
X-ray calorimeters

Instrument Scientist

Maxim 
Markevitch

Clusters of galaxies, dark matter, 
X-ray imaging and spectroscopy, 
Sunyaev-Zeldovich effect

Astro-H Science Advisor
JSI

Craig 
Markwardt

X-ray binaries, X-ray polarimetry, 
pulsar timing, obscured AGN

NuSTAR
Swift
ISS-Lobster

Mission Scientist

Takashi 
Okajima

X-ray mirrors, AGN, 
galaxy clusters, CZT Detectors

Astro-H SXS

NICER
InFOCuS 

Soft X-ray Telescope 
Lead, 
Instrument Scientist
X-ray Concentrator Lead

Rob Petre X-ray studies of supernova 
remnants, supernovae, pulsar wind 
nebulae and young stars, X-ray 
optics

Astro-H SXS
Suzaku
ISS-Lobster

Co-I, U.S. Project 
Scientist
U.S. Project Scientist

Andy Ptak Starburst galaxies, obscured AGN, 
galaxy evolution, and scientific 
software development

WFIRST-AFTA
NuSTAR
ISS-Lobster

Study Scientist
Johns Hopkins University

Scott Porter Astrophysical instrumentation, 
Laboratory astrophysics, soft X-ray 
background, charge exchange 

Astro-H SXS,
Micro-X
DXL
NASA sounding rocket 
program

Instrument Scientist
Institutional PI
Institutional PI
Deputy Project Scientist

Peter 
Serlemitsos

Low-energy electrons, X-ray 
spectroscopy, the X-ray 
background, SN remnants, clusters 
of galaxies

Astro-H SXS Co-Investigator
Soft X-ray Telescope lead

Steve Snowden Diffuse X-ray emission from the 
Milky Way, local ISM and solar 
wind charge exchange emission 
from the heliosphere and Earth's 
magnetosheath

XMM-Newton U.S. Project Scientist

Tod Strohmayer Physics of compact objects  NICER
ISS-Lobster

JSI

Jean Swank X-ray polarimetry, black holes, 
neutron star pulsars

Emeritus

Kim Weaver AGN, starburst galaxies, accretion 
disks, ultraluminous X-ray sources

 Johns Hopkins University

Will Zhang X-ray instrumentation, both 
optics and detectors, X-ray timing, 
compact objects, X-ray binaries

Lightweight and high-
resolution X-ray optics, 
NuSTAR

SAT program PI
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An image of Tycho’s supernova remnant taken by NASA’s Chandra X-ray Observatory. Low-energy X-rays 
(red) show expanding supernova ejecta and high-energy X-rays (blue) reveal the blast wave, a shell of extremely 
energetic electrons. Credit: NASA/CXC/Rutgers/K. Eriksen et al. (X-ray) and DSS (optical)

the reverse shock in Tycho’s supernova remnant us-
ing the Suzaku X-ray satellite. 

Tycho’s supernova was witnessed by the famous 
astronomer Tycho Brahe in 1572, and its remnant is 
now glowing in X-rays. It had been believed that the 
remnant is brightened thanks to the reverse shock, 
which is the inward-moving sonic boom propagat-
ing into the supernova ejecta at Mach numbers of 
several thousand. This shock heats gases inside the 
remnant and causes them to fluoresce in much the 
same way as the gas in household fluorescent lights. 
Dr. Yamaguchi discovered the fluorescence emis-
sion, known as the K-beta line, from iron atoms that 
have just crossed the reverse shock front. The emis-
sion was faint but much more intense than expect-
ed. This indicates that the gases are rapidly heated 
by a process known as collisionless electron heating, 
where electrons crossing the shock become rapid-
ly energized. Bright X-ray emission is dominated 

by supernova ejecta heated by the reverse shocks 
through this process, which allows us to study in de-
tail how the explosion occurred and how heavy ele-
ments were synthesized.

A new, young supernova remnant

Led by Dr. Mark Reynolds of the University of 
Michigan, the Swift Galactic Plane Survey is map-
ping 240 deg−2 of the Galactic plane, from |l| ≤ 60° 
and |b| ≤ 1° through a series of brief exposures in-
cluding simultaneous imaging at X-ray (0.5–10 keV) 
and ultraviolet (2000–2500 Å) wavelengths. One of 
the survey fields revealed a previously unknown ex-
tended X-ray source, which was not detected in the 
ultraviolet. The source has an angular extent of 4 
arcminutes and a circular morphology with a partial 
shell, suggesting it is a Galactic supernova remnant 
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A composite of newly discovered SNR G306.3–0.9. Blue represents X-rays from Chandra, red shows Spitzer 
infrared data, and radio observations from ATCA are purple. The remnant is about 4 arcminutes across. Credit: 
X-ray, NASA/CXC/Univ. of Michigan/M. Reynolds et al.; infrared, NASA/JPL-Caltech; radio, CSIRO/ATNF/
ATCA
(SNR), now designated G306.3–0.9. Subsequent 
investigation of archival Spitzer and radio data re-
vealed an extended counterpart. The radio flux of the 
remnant is the lowest recorded for a Galactic SNR to 
date. As most SNRs are first identified through their 
radio emission, it is therefore no surprise that this 
remnant had escaped detection until now.

Follow-up Chandra and radio observations 
brought the object into better focus. The figure 
shows a composite image constructed using imag-
es from Chandra, Spitzer and Australia Telescope 
Compact Array. Chandra imaging reveals a complex 
morphology, dominated by a bright shock at the pe-
riphery. Spatially resolved X-ray spectroscopy using 
the Chandra data revealed properties consistent 
with an SNR approximately 2,500 years old, assum-
ing a distance of 8 kpc. If this estimate is correct, 
then G306.3–0.9 is one of the 20 youngest Galactic 
SNRs. The Chandra spectra also revealed enhanced 
abundances of sulfur, argon and iron, indicating the 
presence of ejecta from the stellar explosion. On the 
other hand, there is no evidence for the presence of 
a compact stellar remnant.

Is NGC 253’s supermassive black 
hole growing? 

Active star formation in the Sculptor galaxy, also 
known as NGC 253, is happening within 300 light-
years of the galaxy’s center, where a supermassive 
black hole (SMBH, about 5 million times the mass 
of the sun) also resides. Over the past 10 to 15 years, 
astronomers have shown that large bursts of star 

formation are often accompanied by significant 
growth of the supermassive black holes at their ga-
lactic centers. Understanding the connection be-
tween star formation and supermassive black hole 
growth has been a major goal of astrophysics. As one 
of the nearest galaxies with starburst activity, NGC 
253 offers a natural laboratory.

Thus far, it has been difficult to establish wheth-
er the supermassive black hole in NGC 253 is grow-
ing alongside the starburst. When black holes grow, 
they do so by accreting nearby gas. Before plunging 
into the black hole, the gas heats up to tens of mil-
lions of degrees and shines brightly in X-rays. For 
NGC 253, however, this process has been veiled by 
gas and dust along our line of sight. A Chandra ob-
servation in 2003 showed evidence of a bright X-ray 
source near the center of NGC 253, but it was not 
possible to determine if this was a growth signature 
from the supermassive black hole. 

The higher energy X-ray emission probed by 
NuSTAR is less sensitive to obscuration by gas and 
dust and can clear up ambiguities present in previ-
ous X-ray observations. In a series of observations in 
2012, we used the combined power of the NuSTAR 
and Chandra X-ray observatories to show unambig-
uously that the X-ray source from 2003 has turned 
off. Chandra pinpointed the location and NuSTAR 
demonstrated spectral signatures that are distinctly 
not from a SMBH. The supermassive black hole at 
the center of the galaxy is now effectively dormant 
and not growing much at all. Instead, the X-ray 
sources residing in the nuclear region include a new 
flaring ultraluminous X-ray source (ULX) and other 
powerful X-ray binary stars: these sources include 
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ter of NGC 253 will eventually be followed by explo-
sive growth of the supermassive black hole.

The findings suggest that the supermassive black 
hole at the center of the Sculptor galaxy has become 
inactive sometime in the past decade. Future obser-

either neutron stars or lower-mass (1 to 100 solar 
masses) black holes that feed off of normal compan-
ion stars. Thus the X-ray emission from this galaxy 
is not being powered by a supermassive black hole, 
which must be accreting at very low levels. It is pos-
sible that the current starburst behavior in the cen-

Chandra (2–7 keV) images of the central 400 x 400 pc2 of NGC 253 from 2003 (left) and 2012 (right). The best 
candidate for an accretion signal from the supermassive black hole, N-2003 (blue circle), was observed in 2003. 
This source was not active in 2012 when the galaxy was observed by NuSTAR. Instead, another new bright 
source (red circle) appeared, but this was shown to be a ULX. Credit: Bret Lehmer/JHU

This composite of the Sculptor galaxy merges NuSTAR X-ray observations (yellow and red blobs, 3– 20 keV) 
with a visible light image captured by the European Southern Observatory. The NuSTAR images are the sharpest 
ever taken of this galaxy in high-energy X-rays. Credit: NASA/JPL-Caltech/JHU
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vations from both telescopes should help address 
this mystery.

Projects in Operation

Suzaku (Astro-E2)

Suzaku is the fifth in a series of Japanese X-ray as-
tronomy satellites, launched by the JAXA on July 
10, 2005. Like ASCA before it, Suzaku is a joint 
Japan-U.S. mission, developed by JAXA’s Institute 
of Space and Astronautical Science (ISAS) in collab-
oration with Goddard and many other institutions. 

Suzaku’s operational scientific payload in-
cludes two co-aligned instruments. The X-ray 
Imaging Spectrometer (XIS) consists of four imag-
ing CCD cameras (three working), sensitive in the 
0.3–10.0 keV band, each located at the focal plane 
of a dedicated X-ray telescope (XRT). The second 
is a non-imaging, collimated Hard X-ray Detector 
(HXD) sensitive in the 10–600 keV band. The X-ray 
Spectrometer (XRS) stopped working shortly after 
launch as the result of a spacecraft design error.

The spacecraft continues to function well despite 
being beyond its nominal three-year lifetime. The 
power output of the solar panels has stabilized 
since experiencing a sudden drop in 2012 due to 
radiation damage. ISAS is cautiously optimistic that 
observations with Suzaku can continue for several 
more years.

After supplying key flight hardware (key compo-
nents of the XRS, plus five XRTs), Goddard’s cur-
rent role is operating the U.S. Suzaku Data Center. 
The Data Center is responsible for maintaining the 
data processing pipeline; processing and archiving 
the full mission data set and distribution of data to 
U.S. Guest Observers (GO); development and main-
tenance of proposal and observation planning tools 
and documentation; maintaining the calibration da-
tabase; supporting US proposal reviews; and assist-
ing GOs in analyzing data. The data center staff con-
sists of three full-time scientists (Koji Mukai, Kenji 
Hamaguchi, and Katja Pottschmidt) and one pro-
grammer, plus part-time support from HEASARC 
staff. Rob Petre is the NASA Project Scientist and 
Lorella Angelini is the Deputy Project Scientist. 

U.S. observers have access to 50 percent of the 
observing time, as well as all archival data. In the 
ninth observing cycle (proposal due date: Nov. 16, 
2013), a total of 50 U.S. proposals were submitted, a 
decline due to concerns over the longevity of Suzaku 
and the absence of dedicated GO funding. 

Suzaku has produced an abundance of re-
sults from a wide variety of cosmic X-ray sources. 
Prominent recent examples are:
•	 Suzaku observations show that clusters of gal-

axies have the same metal content throughout 
their interiors. This requires that the metals were 
ejected from the component galaxies earlier in 
their history than previously thought. 

•	 Observation of the Tycho supernova remnant 
has revealed that heating of material at the re-
verse shock occurs far more rapidly than can be 
accounted for by collisional heating, indicating 
that our understanding of shock processes in su-
pernova remnant evolution is far from complete. 

•	 Suzaku has provided spin measurements of 20 
supermassive black holes. The distribution of 
spins can be used to characterize the role in black 
hole growth of accretion of surrounding gas or 
mergers between smaller black holes.

Nuclear Spectroscopic Telescope 
Array (NuSTAR)

Launched in June 2012, NuSTAR is a Small Explorer 
mission designed to observe the X-ray sky in the 
3–80 keV band with unprecedented combined 
image and spectral resolution. NuSTAR is led by 
Principal Investigator Fiona Harrison at Caltech, 
managed by JPL with oversight from the Explorer 
Program Office at Goddard, with new and previous 
Mission Scientists Craig Markwardt and William 
Zhang. Goddard contributed nearly 7,000 thin 
glass substrates, the foundation of the innovative 
multi-layer X-ray mirrors manufactured and test-
ed by a team led by Zhang. While standard mono-
layer X-ray mirrors are not reflective above 10 keV, 
NuSTAR’s multilayer mirrors have sensitivity up to 
80 keV. NuSTAR’s combination of X-ray collecting 
area (800 cm2 at 10 keV), imaging resolution (58″ 
half-power diameter), and broadband energy cover-
age enable the study of cyclotron lines from X-ray 
pulsars, detection of Compton reflection from ac-
creting black holes, observation of nucleosynthesis 
in supernova remnants, and a deep hard-X-ray sur-
vey to find highly obscured sources not detectable in 
other wavelength bands.

In 2013, NuSTAR continued smooth science op-
erations. NuSTAR team members have over 50 sub-
mitted and 25 accepted refereed papers. The team 
has completed three of its five Level 1 scientific re-
quirements to study supernova nucleosynthesis, very 
high-energy gamma-ray sources and core collapse 
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supernova explosions. Required large area surveys 
are 65–85 percent complete, and are expected to be 
fully complete before October 2014. The NuSTAR 
science data archive opened to the public in August 
2013. Goddard’s HEASARC hosts the archive and 
distributes science data, software, documentation 
and proposal tools for observers. More than 300 ob-
servations are available for download. Preparations 
began for the Senior Review proposal and for a guest 
observer program, to be tentatively announced in 
summer 2014. Goddard scientists participating on 
the NuSTAR science team are Markwardt, Zhang, 
Ann Hornschemeier, Andrew Ptak, Bret Lehmer, 
Stacy Teng, and Jane Rigby. 

XMM-Newton Guest Observer 
Facility

ASD operates the U.S. XMM-Newton Guest Observer 
Facility (XMM GOF). XMM is an ESA X-ray astro-
physics mission with some U.S. hardware and soft-
ware contributions. ESA allocates resources to sup-

In April 2013, Swift’s BAT was triggered by a flaring X-ray source at the galactic center. NuSTAR detected X-ray 
pulsations with a period of 3.76 seconds from the source, revealing it to be a highly magnetized pulsar, shown 
here in an artist’s impression. Measurements of the pulsar imply the presence of a strong magnetic field near the 
supermassive black hole at the center of the Milky Way. The discovery of additional pulsars could allow mapping 
of the black hole’s accretion region. Credit: MPIfR/Ralph Eatough

port European XMM users but looks to the GOF to 
provide support to the large U.S. astrophysics com-
munity. GOF activities include facilitating the sub-
mission of GO proposals to ESA, distributing pro-
prietary data to U.S. PIs, maintaining the full public 
science archive, and supplying expertise, analysis 
software and documentation to U.S. scientists.

The GOF works in conjunction with the ASD 
GOFs of other high-energy astrophysics missions 
(e.g., Fermi, Swift, and Suzaku) to lower costs and 
to ensure consistency in the areas of the budget pro-
posal process, FITS tools, database structure, web 
pages and archival data access. Cost savings are lev-
eraged by sharing resources, techniques, expertise 
and reusing software. GOF activities cover a very 
wide range of endeavors in support of XMM. This 
year, the GOF’s duties included: continuing to de-
velop software for the analysis of extended sourc-
es; updating the Optical Monitor Catalog (OMCat); 
updating the popular ABC and D Guides with the 
new SAS releases; continuing development of Perl 
script “wrappers” to streamline data reduction for 
non-experts; continuing to maintain the XMM bib-
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will build on the Goddard legacy of providing light-
weight, high-throughput mirrors.

Astro-H is a facility mission to be launched on a 
JAXA H-IIA into low Earth orbit in late 2015. Its ob-
jectives are to trace the growth history of the largest 
structures in the universe, provide insights into the 
behavior of material in extreme gravitational fields, 
determine the spin of black holes and the equation 
of state of neutron stars, trace shock-acceleration 
structures in clusters of galaxies and supernova 
remnants, and to investigate the detailed physics 
of jets. Achieving these objectives requires the SXS 
and three additional scientific instruments to pro-
vide a very broad, simultaneous energy bandpass. 
The Hard X-ray Imager (HXI) will perform sensi-
tive imaging spectroscopy in the 5–80 keV band; the 
non-imaging Soft Gamma-ray Detector (SGD) ex-
tends the Astro H energy band to 600 keV, and the 
Soft X-ray Imager (SXI) expands the field of view 
with a new-generation CCD camera.

The SXS science investigation comprises build-
ing and delivering the SXS instrumentation and 
carrying out a six-month observing program in col-
laboration with ISAS/JAXA. The baseline mission 
includes two years of funding for the SXS science 
team and support for processing and archiving the 
SXS data for a total of three years. An approved 
Science Enhancement Option (SEO) will provide 
the U.S. community with access to Astro-H beyond 

The Astro-H Calorimeter Spectrometer Insert, which 
includes the calorimeter detector assembly and the 
three-stage adiabatic magnetic refrigerator system for 
cooling the array to 50 mK, was integrated in 2013.

liography (now ~5,000 papers over the mission’s 
lifetime); and continuing development of Trend-
data tools.

The XMM GOF was successful in the 2012 Senior 
Review process with recommended continued fund-
ing for GOF operations through FY15. The GOF has 
submitted a proposal to the 2014 Senior Review for 
continued funding through 2016.

Projects in Development

ASTRO-H

The X-ray Astrophysics Laboratory is collaborating 
with ISAS/JAXA to implement an X-ray calorimeter 
spectrometer for the Astro-H mission. The project, 
headed by Richard Kelley of the X-ray Astrophysics 
Laboratory, is implemented as an Explorer Program 
Mission of Opportunity to provide key components 
of a high-resolution X-ray calorimeter spectrometer 
that will constitute one of the observatory’s primary 
science instruments. Among laboratory scientists, 
Caroline Kilbourne and Scott Porter are responsible 
for the detector subsystem, and Peter Serlemitsos 
and his team of Takashi Okajima and Yang Soong 
are responsible for X-ray mirrors for both the SXS 
and the ISAS/JAXA Soft X-ray Imager (SXI). Megan 
Eckart and Maurice Leutenegger are developing the 
calibration program for the detector system. Prof. 
Dan McCammon of the University of Wisconsin, a 
long-term collaborator with the X-ray Astrophysics 
Laboratory and a pioneer in X-ray calorimeters, 
is developing a new generation of blocking filters 
for the instrument. Rob Petre is the U.S. Project 
Scientist for Astro-H.

The Astro-H Soft X-ray Spectrometer (SXS) will 
consist of a 36-pixel X-ray calorimeter array with 
better than 7-eV resolution to provide high-resolu-
tion X-ray spectroscopy over the 0.3–12 keV band 
with moderate imaging capability. The Goddard 
team is to provide the detector system, adiabatic de-
magnetization refrigerator (ADR, with a 50 mK op-
erational temperature), electronics, blocking filters, 
and X-ray mirror, while ISAS/JAXA is responsible 
for the dewar system, other SXS electronics and the 
rest of the science payload, the spacecraft, launch-
er, and mission operations. The Space Research 
Organization of the Netherlands (SRON) is sepa-
rately providing to JAXA a filter wheel and in-flight 
calibration sources.

The dewar will be a hybrid cryogen/mechanical 
cooler system for redundancy, and the X-ray mirror 
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the baseline program. Under the SEO, U.S. scien-
tists will be able to propose for Astro-H observing 
time and obtain grant support.

Working collaboratively with JAXA, the U.S. 
Guest Observer Facility will process, distribute, and 
archive data from all four Astro-H instruments, and 
provide observers with analysis tools and support. 
Lorella Angelini is leading the design and develop-
ment of this program.

Numerous major activities and milestones have 
been accomplished this year. Foremost among these 
are the delivery of major flight hardware compo-
nents to Japan, including the second of the two Soft 
X-Ray Telescope (SXT) mirror assemblies, and the 
Calorimeter Spectrometer Insert (CSI) that con-
sists of the calorimeter detector assembly and the 
three-stage adiabatic magnetic refrigerator system 
for cooling the array to 50 mK. The detector subsys-
tem was completed last year by Porter, Kilbourne, 
Meng Chiao, and Tomomi Watanabe, and, follow-
ing extensive calibration spearheaded by Eckart and 
Leutenegger, was integrated with the ADR system to 
form the CSI in November 2013. 

The flight aperture assembly (ApA) is nearing 
completion and will be taken to Japan in June 
2014. This subsystem consists of many components, 
including a set of four blocking filters and filter 
mounts. These have gone through a variety of 
thermal cycles, and performance and vibration 
tests. Kilbourne and Sam Moseley have carried 
out these activities along with John Kazeva of the 
Applied Engineering and Technology Directorate, 
with assistance from Joe Adams.

The completed SXS instrument will begin ex-
tensive testing starting in about July 2014 and is 
scheduled for delivery to the spacecraft system  
in December.

During the past year, the Goddard Astro-H team, 
supported a variety of tests using the engineering 
version of the SXS. An end-end compatibility test 
will be carried out with all of the NASA and JAXA 
components of the instrument in January 2014 to 
demonstrate that the SXS is capable of < 5 eV energy 
resolution and that all of the NASA-JAXA electrical 
systems and communications function properly. 
The instrument will be going through further tests 
at the spacecraft level in the spring.

The second of two flight X-ray mirrors was com-
pleted by Serlemitsos, Takashi Okajima, and Soong 
and delivered to Japan in November 2013. Both 
X-ray mirrors exceeded their requirements for col-
lecting area and imaging performance. In particular, 
the point spread functions of both mirrors is 1.2 arc-
min, which is a significant improvement over the ~2 
arcmin of the Suzaku mirrors.

The Astro-H Science Enhancement Option has 
been approved by NASA/HQ and includes activities 
related to data analysis, the Guest Observer (GO) pro-
gram and user support. To manage and implement 
these activities, Lorella Angelini has established an 
Astro-H U.S. data center at Goddard that is work-
ing closely with Japan. The pre-launch operations, 
rapidly ramping up, are focused on data processing, 
instrument software, collection of calibration infor-
mation and preparing the necessary documentation 
and simulation software to support the GO program 

Astro-H has two identical Soft X-ray Telescopes, SXT-I and SXT-S. Both mirrors exceed their requirements for 
collecting area and imaging performance.
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for all four Astro-H instruments. The Astro-H U.S. 
data center will be the liaison between GOs and the 
Astro-H program, with a help desk that will open 
at times near launch. Mike Loewenstein and Hans 
Krimm joined this activity this year and are sup-
porting the Soft X-Ray Spectrometer and Soft X-Ray 
Imager instruments, respectively.

Neutron Star Interior 
Composition Explorer (NICER)

An Explorer Mission of Opportunity (PI: Keith 
Gendreau), NICER is an International Space Station 
(ISS) payload devoted to the study of neutron stars 
through soft X-ray timing. Neutron stars are unique 
environments in which all four fundamental forc-
es of nature are simultaneously important. They 
squeeze more than 1.4 solar masses into a city-size 
volume, giving rise to the highest stable densities 
known anywhere. The nature of matter under these 
conditions is a decades-old unsolved problem, one 
most directly addressed with measurements of the 
masses and, especially, radii of neutron stars to high 
precision (i.e., better than 10 percent uncertainty). 
With few such constraints forthcoming from obser-
vations, theory has advanced a host of models to de-
scribe the physics governing neutron star interiors. 

By answering a long-standing astrophysics ques-
tion—How big is a neutron star?—NICER will con-
front nuclear physics theory with unique measure-
ments, exploring the exotic states of matter within 
neutron stars through rotation-resolved X-ray spec-
troscopy. The capabilities that NICER brings to this 
investigation are unique: simultaneous fast timing 
and spectroscopy, with low background and high 
throughput. NICER will also provide continuity in 
X-ray-timing astrophysics more broadly, post-Ros-
si X-ray Timing Explorer (RXTE), through a pro-
posed Guest Observer program. Finally, in addi-
tion to its science goals, NICER will enable the first 
space demonstration of pulsar-based navigation of 
spacecraft, through the Station Explorer for X-ray 
Timing and Navigation Technology (SEXTANT) 
enhancement to the mission, funded by the Space 
Technology Mission Directorate’s Game-Changing 
Development program.

NICER’s X-ray Timing Instrument (XTI) 
represents an innovative configuration of high-
heritage components. The heart of the instrument 
is an aligned collection of 56 X-ray “concentrator” 
optics (XRC) and silicon drift detector (SDD) pairs. 
Each XRC collects X-rays over a large geometric area 
from a ~30 arcmin2 region of the sky and focuses 

them onto a small SDD. The SDD detects individual 
photons, recording their energies with good (~3 
percent) spectral resolution and their detection 
times to an unprecedented 100 nanoseconds 
RMS relative to Universal Time. Together, this 
assemblage provides a high signal-to-noise-ratio 
photon-counting capability within the 0.2–12 keV 
X-ray band, perfectly matched to the typical spectra 
of neutron stars as well as a broad collection of other 
astrophysical sources.

From NICER’s ISS platform, a star-tracker–
based pointing system allows the XTI to point to and 
track celestial targets over nearly a full hemisphere. 
The pointing system design accommodates the ISS 
vibration and contamination environments, and en-
ables (together with NICER’s GPS-based absolute 
timing) high-precision pulsar light-curve measure-
ments through ultra-deep exposures spanning the 
18-month mission lifetime. Anticipated launch of 
NICER is in late 2016, and additional information is 
available via the HEASARC (http://heasarc.gsfc.
nasa.gov/docs/nicer).

NICER was first proposed in February 2011 
and selected into Phase A in September 2011. A 
Concept Study Report was submitted to the NASA 
Explorers program in September 2012. On Jan. 29, 
2013, the NICER team hosted the Explorer review 
panel at Goddard for a site visit. NICER was select-
ed in Phase B on April 5. During September and 
October, the NICER development team held a se-
ries of Engineering Peer Reviews and, in December, 
NICER passed its Preliminary Design Review. The 
mission team includes MIT (detectors) and com-
mercial partners providing flight hardware; the 
Naval Research Laboratory and universities across 
the U.S., as well as in Canada and Mexico, are pro-
viding additional science expertise.

Mission and Instrument 
Concepts

ISS-Lobster

ISS-Lobster is a wide-field X-ray transient all-
sky monitor proposed for deployment on the 
International Space Station. It represents a collab-
oration of scientists from across the Division, in-
cluding 662 personnel. The emerging lobster-eye 
technology already is used in the DXL instrument 
launched on suborbital flights. We report on this 
mission concept in the Gravitational Wave 
Astrophysics Laboratory (663) section.

http://heasarc.gsfc.nasa.gov/docs/nicer
http://heasarc.gsfc.nasa.gov/docs/nicer
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Kuntz, Chiao, and Thomas with collaborators Collier 
(690), Sibeck (674), and the University of Leicester.

The DXL and STORM payloads successfully flew 
on Dec. 12, 2012. DXL clearly observed charge ex-
change from interplanetary helium in the helium 
focusing cone. STORM also clearly observed cosmic 
soft X-ray emission. Both instruments performed 
flawlessly and landed without damage. The next 
flight of DXL will add a third energy band propor-
tional counter and is scheduled for mid-2015. A 
Cubesat version of STORM also will fly as a second-
ary payload as part of the mission.

Micro-X

The Micro-X sounding rocket experiment is de-
signed to be the first X-ray calorimeter payload 
using focusing X-ray optics. It uses significant de-
sign heritage from the XQC program, including a 
very similar adiabatic demagnetization refrigerator 
(ADR), however the detector and readout technolo-
gy derive from the IXO program. The ASD research 
team include Porter, Kelley, Kilbourne, Bandler, 
Adams, Eckart, Smith, Serlemitsos, and Soong. 
Collaborating institutions include the University 
of Wisconsin at Madison, MIT, the University of 
Florida, and the National Institute of Standards and 
Technology (NIST). The Micro-X payload will use a 
121-pixel (11 × 11) X-ray calorimeter array with su-
perconducting transition edge (TES) thermistors 
operating at 50 mK. It is designed to have an energy 
resolution of 2 eV (FWHM) across the energy band 
from 0.05 to 2 keV. The Micro-X payload will use 
a focusing optic designed and produced at Goddard 
for the SXS sounding rocket that flew in 1989 and 
is the predecessor of the optics used for BBXRT, 
ASCA, Astro-E2, and Astro-H.

The Micro-X payload is scheduled to fly in late 
2014 to observe the bright eastern knot of the 
Puppis A supernova remnant. The detector array 
is designed and produced at Goddard and will be 
read out using a cryogenic SQUID multiplexer and 
room-temperature electronics jointly developed by 
Goddard and NIST. Goddard has already provided 
the refurbished SXS X-ray optic with 200-cm2 col-
lecting area at 1 keV and a 2.5 arcmin PSF. 

Micro-X will provide some of the first detailed 
high-resolution spectra of a supernova remnant, 
with about 40,000 counts expected during the flight. 
The payload will be the first opportunity to utilize 
high spectral resolution, broadband, spatial-spec-
tral imaging and will provide a glimpse of what we 

Sounding Rocket Program

Diffuse X-ray Emission from the 
Local Galaxy (DXL)

The project uses an old payload repurposed for new 
science. It is now widely believed that a significant 
component of the soft X-ray background results 
from the interaction of the solar wind with neutral 
atoms within our solar system. Observing from low 
Earth orbit, we have seen significant emission from 
the solar wind interacting with exospheric neutral 
hydrogen (magnetospheric emission), and also the 
solar wind interacting with interplanetary hydro-
gen and helium (heliospheric emission). These two 
sources have very different spatial and temporal sig-
natures, but are both the result of charge exchange 
recombination, where a highly ionized solar wind 
ion removes an electron from a neutral species, 
emitting photons, including X-rays, as it relaxes to 
its ground state. The DXL payload contains two 800 
cm2 proportional counters built in the late 1970s at 
the University of Wisconsin to map the soft X-ray 
background. However, DXL will use the same large-
grasp instrument to spatially disentangle the helio-
spheric from the magnetospheric charge exchange 
emission and compare the results to modern spatial 
and temporal models of solar wind charge exchange. 

The DXL project brings together scientists from 
several disparate fields. ASD scientists include 
Porter, Snowden, Kuntz, Chiao, and Thomas who 
have a strong interest in the soft X-ray background 
and in understanding the solar wind charge exchange 
contamination of many soft X-ray observations with 
ROSAT, Chandra, XMM, Suzaku, and soon, Astro-H. 
This is in partnership with Goddard collaborators 
Sibeck (674) and Collier (690) who study the 
interaction between the solar wind and Earth’s 
exosphere to understand the critical boundary layer 
that drives much of space weather. The PI institution 
is the University of Miami, with the University of 
Kansas, the University of Wisconsin, and Leicester 
University as collaborating institutions.

The DXL payload also includes a Goddard-
provided instrument, STORM, as a technology 
demonstration. STORM is a microchannel-plate 
X-ray detector with a wide field of view (10 × 10 
degrees) lobster-eye slumped microchannel-plate 
optic. This is a prototype instrument for a full-scale 
magnetospheric charge exchange X-ray imager, and 
DXL is the first space-flight demonstration of this 
technology. The STORM instrument was developed 
at Goddard by ASD scientists Porter, Snowden, 
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array with 8 eV FWHM energy resolution that was 
designed and produced at GSFC. The project is led by 
the University of Wisconsin, Madison. ASD research 
team members include graduate student Gabriele 
Betancourt-Martinez, scientist Meng Chiao, Eckart, 
Kelley, Kilbourne, and Porter.

The most recent launch of XQC occurred on 
Nov. 3, 2013. On the previous two flights the outer 
optical/IR blocking filter (at 130 K) acquired a thin 
layer of contamination after launch that significant-
ly reduced the X-ray throughput of the instrument. 
For the 2013 flight, our collaborators at University of 
Wisconsin added an additional optical/IR blocking 
filter to the dewar system. This room-temperature 
filter was designed to eliminate in-flight contamina-
tion, and it worked perfectly. The X-ray transmis-
sion was as expected across the science bandpass. 
However, an instability in the second-stage Black 
Brant motor resulted in launch vibrations an order 
of magnitude higher than expected. This extra vi-
brational heating prevented the detector stage from 
reaching the planned operating temperature of 50 
mK during the science acquisition; rather, the mi-

XQC team members following vertical system tests on 
Nov. 2, 2013, the day before the experiment’s launch. 

can expect from Astro-H and future larger-scale cal-
orimeter instruments.

Off-Plane Gratings Rocket 
Experiment (OGRE)

OGRE is an APRA-funded rocket flight expected to 
launch from Wallops in 2017. Its primary objective 
is to demonstrate key technologies necessary for a 
future X-ray observatory and provide the highest 
spectral resolution of E/δE ~ 2000 between 0.2–1.3 
keV. It is a collaborative effort of the University of 
Iowa (PI: Randall McEntaffer) and Goddard. It will 
integrate two key technologies already developed in 
a laboratory setting that have not been flight-prov-
en. OGRE will use a slumped glass Wolter telescope, 
to be made by GSFC’s Next Generation X-ray Optics 
team led by William Zhang (662), to provide excel-
lent spatial resolution and increased throughput. A 
successful rocket flight will demonstrate its techni-
cal readiness, a requirement for flying this technolo-
gy in future Explorer or major large X-ray missions. 
OGRE will also use radially grooved and blazed off-
plane gratings to reduce grating aberrations and 
to focus the spectrum to one side of zero-order. 
Gratings of this type were invented in the 1980s 
and developed in the last decade but have not been 
flown. The spectrum will be focused onto a high spa-
tial resolution CCD camera. 

OGRE will produce the highest resolution spec-
trum of Capella to date. Capella is a binary system 
consisting of a G8 III giant and a G1 III giant. Strong 
coronal activity makes Capella one of the brightest 
X-ray sources in the sky. The emission-line- dom-
inated spectrum often has been used as a calibra-
tion target and is included in the Chandra Emission 
line Project (http://cxc.harvard.edu/elp/ELP.
html) with the goal of improving plasma spectral 
models with empirical line detections.

X-ray Quantum Calorimeter 
(XQC)

The X-ray Quantum Calorimeter (XQC) is a broad-
band non-dispersive X-ray spectrometer built to 
study the diffuse soft X-ray background (0.05–2 
keV) from a sounding rocket. The instrument is de-
signed to differentiate among the spectral compo-
nents that are thought to make up the background, 
including emission from the Local Bubble, the 
Galactic halo, and solar wind charge exchange. The 
spectrometer utilizes a 36 pixel X-ray calorimeter 

http://cxc.harvard.edu/elp/ELP.html
http://cxc.harvard.edu/elp/ELP.html
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crocalorimeter array drifted from 60 mK to 52 mK 
over the course of the observation, causing a large 
drift in the energy gain scale. The payload was re-
covered safely, enabling acquisition of extensive 
post-flight calibration data over this range of detec-
tor operating temperatures. The team is presently 
developing a gain-scale reconstruction algorithm. 
Chiao and Betancourt-Martinez traveled to White 
Sands to assist in the 2013 launch campaign. Civil 
servant participation in pre-launch field work was 
minimal owing to the government shutdown. The 
next launch of XQC has yet to be scheduled, but it 
will be part of the planned sounding rocket cam-
paign in Woomera, Australia.

In parallel, members of the Goddard X-ray mi-
crocalorimeter group in Codes 662 and 553 have 
worked extensively with University of Wisconsin 
graduate student Kelsey Morgan on her NASA Space 
Technology Research Fellowship (NSTRF) project 
to develop a next-generation detector array for the 
XQC payload. The proposed large-area TES micro-
calorimeters will achieve ~2 eV FWHM energy res-
olution to enable measurements of the 0.25 keV dif-
fuse X-ray background. This waveband is essential 
for studying the roles of solar wind charge exchange 
vs. thermal emission and the 8 eV FWHM resolu-
tion of the current-generation XQC array is inade-
quate to resolve the majority of the emission lines 
in this crowded region. In 2013, Morgan performed 
device design simulations and began mask layout 

An optical/infrared blocking filter composed of a 
70nm-thick film supported by a micromachined 
silicon mesh, shown here within its aluminum 
shipping fixture. This filter was incorporated into the 
outer room-temperature stage of the XQC dewar and 
successfully eliminated in-flight contamination of the 
cold dewar filters that limited the scientific return of 
the previous flight.

The spectrum of 1.5 keV aluminum Kα X-rays. The 
pixel dimensions are 46 μm × 46 μm × 4 μm. The 
dotted line shows the intrinsic line shape of the Kα 
complex. The short lines represent the measured 
number of counts in each 0.1 eV bin and the error bar 
for each bin. The solid line is the intrinsic line shape 
convolved with the best fit instrumental broadening 
(assumed to be Gaussian). Inset: A scanning electron 
microscope image of a 12 x 12 array of these pixels on 
a 50 μm pitch.
for prototype TES microcalorimeters that have the 
potential to achieve sub-2 eV resolution with the re-
quired pixel area (~900 x 900 microns). 

Instrumentation and 
Technology Development

X-ray Calorimeter Development

An X-ray calorimeter determines the energy of an 
incident X-ray photon by measuring a small change 
in temperature. Three types of X-ray calorimeters 
presently dominate the field, each characterized by 
the thermometer technology. The first two types use 
temperature-sensitive resistors: semiconductors in 
the metal-insulator transition and superconductors 
operated in the superconducting-normal transi-
tion. The third type uses a magnetic thermometer. 
Goddard Space Flight Center is the only institution 
playing a leading role in the development of each 
of the three dominant X-ray calorimeter technol-
ogies. The scientists of the ASD microcalorimeter 
development team include Chiao, Eckart, Kelley, 
Kilbourne, Porter, Joe Adams, Simon Bandler, Fred 
Finkbeiner, and Steve Smith, along with postdoc 
Sang-Jun Lee and graduate student Betancourt-
Matrinez. Progress is made possible through a 
strong collaboration with James Chervenak, John 
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Sadleir, and Edward Wassell of Goddard’s Detector 
Systems Branch (553).

Most recent development activity is going into 
advancing various configurations of microcalorim-
eter arrays that incorporate a gold or gold/bismuth 
absorber with a superconducting transition-edge 
sensor (TES) made from a molybdenum/gold prox-
imity-effect bilayer. An array of 46-micron pixels 
optimized for the highest soft X-ray resolution has 
demonstrated 0.77 eV FWHM at 1.5 keV. Other fine-
pitch arrays have been optimized for high counting 
rate. The resolution at 6 keV of a device achieving 
1.6 eV FWHM at low count rates only degraded to 
2.3 eV for an input count rate of 100 cps, with a 
throughput of 99.6 percent. Recently, a resolution 
of 2.6 eV at 400 cps, 2.9 eV at 620 cps, and 3.6 eV at 
860 cps have been demonstrated; a full analysis of 
the dead time is still in progress.

Recent Goddard TES calorimeter development 
has been enhanced by new understanding that 
many TES properties can be explained by consid-
ering these devices to be superconducting weak 
links, and details of the transition are influenced by 
the magnetic fields produced by the bias current. 

ASD outreach: The Blueshift social media team organized a visit by science educator and rapper 
Coma Niddy (Michael Wilson) and a production team from PBS Digital Studios to Goddard 
on Dec. 16, 2013. They filmed scenes for a video about black holes and public misconceptions 
about them. 

Recent tests to exploit the self-fielding for magnetic 
feedback to increase the sensitivity of TES microcal-
orimeters have demonstrated dramatic sharpening 
of the resistive transition, and iterations to optimize 
this tuning are in progress.

Laboratory Astrophysics Using an 
X-ray Microcalorimeter with an 
Electron Beam Ion Trap
Our laboratory astrophysics program is designed 
to simulate astrophysical plasmas in the laborato-
ry in order to benchmark and provide guidance to 
the atomic codes that form the basis of the spectral 
synthesis models used in X-ray astrophysics. These 
models are used to relate spectra observed from an 
astrophysical object to conditions in the source, in-
cluding temperature, ionization-equilibrium, com-
position, density, turbulence and bulk motion. This 
work is fundamentally important as high-resolution 
spectroscopy becomes the dominant tool in explor-
ing the physics of X-ray-emitting objects. 
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This has already started with the observation 
of bright point sources with the high-resolution 
dispersive spectrometers on Chandra and XMM-
Newton. It will become critically important with 
the upcoming Astro-H and X-ray missions that fol-
low. Our program is designed to validate and cor-
rect the accuracy of the spectral synthesis models 
in controlled ground-based experiments, giving us 
confidence that we have correctly ascribed observed 
spectral features to known conditions in the astro-
physical source.

The basis of our program is a high-resolution 
non-dispersive X-ray calorimeter spectrometer, a 
suite of very-high-resolution dispersive spectrome-
ters, and the Electron Beam Ion Trap (EBIT) plas-
ma generator at the Lawrence Livermore National 
Laboratory (LLNL). ASD scientists include Porter, 
Kelley, Kilbourne, Adams, Smith, Leutenegger, and 
Betancourt-Martinez. Other collaborating institu-
tions include Stanford University and NIST. The 
LLNL EBIT can produce nearly any plasma condi-
tions, from low-charge states in light elements to 
bare uranium with electron beam energies of up to 
200 keV. Nearly any charge state of any astrophysi-
cally interesting element can be produced, either as 
a pure charge state or in a Maxwellian distribution 
at known temperature. 

Non-equilibrium ionization conditions can also 
be produced with almost any astrophysically inter-
esting ionization parameter. Typical measurements 
in our program include spectral-line identification, 
absolute cross sections, recombination, charge-ex-
change recombination, and cross sections in ther-
mal and non-thermal distributions. Measurements 
are related back to theory, the results of atomic cal-
culations, and to the standard X-ray spectral syn-
thesis models used in X-ray astrophysics. 

A key instrument in these measurements is a 
broadband high-resolution X-ray calorimeter in-
strument provided by Goddard beginning in 2000 
and now on its third revision. This system has been 
operated almost continuously for the past 9.5 years. 
It has produced well over two dozen peer-reviewed 
articles, and it has made critical measurements of 
absolute cross sections in L-shell iron and nickel, as 
well as charge-exchange measurements in sulfur, 
carbon, oxygen and iron. Many investigations are 
ongoing. Recent emphasis has been a detailed look 
at L-shell charge exchange, mostly with sulfur and 
iron, as a function of ionization state, a key compo-
nent of magnetospheric charge exchange for which 
there exists no predictive theory. Magnetospheric 
and heliospheric charge exchange are key compo-

nents of spatially, spectrally, and temporally vari-
able foreground emission which complicate obser-
vations of, for example, the soft X-ray background, 
warm-hot intergalactic medium, and clusters of 
galaxies. Charge exchange emission is also very di-
agnostic and if observed in a celestial source can 
provide key information on the composition, ion-
ization state, and relative velocity of both the donor 
and acceptor species. Our laboratory investigation is 
unique in the world at providing the first controlled 
high-resolution spectra of charge exchange in astro-
physical elements and is geared to provide informa-
tion to guide the development of a predictive atomic 
theory, especially for the key L-shell emission which 
dominates local charge exchange.

Goddard first installed an X-ray calorimeter 
at the LLNL EBIT facility in the summer of 2000; 
the XRS/EBIT was based on the engineering-mod-
el detector system for the Astro-E observatory. The 
system was significantly upgraded using technology 
developed for Suzaku (Astro-E2) in 2003. A dedi-
cated facility-class instrument designed for labora-
tory astrophysics from the ground up was installed 
in 2007. The current instrument, dubbed the EBIT 
Calorimeter Spectrometer (ECS), utilizes a 32-chan-
nel X-ray calorimeter array from the Astro-E2 pro-
gram installed in a long-lifetime automated labora-
tory cryostat that enables continuous experiments 
for up to 70 hours with a two-hour recharge. The de-
tector array is populated with 16 mid-band (0.05–12 
keV) X-ray absorbers with 4.5 eV FWHM resolution 
at 6 keV, and 16 high-band (0.1–100 keV) X-ray ab-
sorbers with 30 eV FWHM at 60 keV. 

In addition to operating the ECS, we recently 
(spring 2011 and spring 2012) refurbished the XRS/
EBIT spectrometer to perform photoexcitation 
measurements at the SLAC Linac Coherent Light 
Source (LCLS). In this experiment we combined a 
portable EBIT, the XRS/EBIT spectrometer, and a 
monochromater with the LCLS light source to breed 
and observe X-ray emission from photoexcitation in 
highly charged ions. 

We are currently designing and constructing the 
fourth-generation instrument that will be based on 
detector technology from the IXO/Athena develop-
ment program. It will be installed in a completely 
automated cryogen-free cryostat. This fourth-gen-
eration instrument is dubbed the Transition-Edge 
Microcalorimeter Spectrometer (TEMS) and will be 
composed of a checkerboard hybrid of 128 low-band 
(0.05–1 keV) pixels with 0.8 eV resolution at 1 keV, 
and 128 mid-band (0.05–10 keV) pixels with 2.0 
eV resolution at 6 keV. In addition, there will be a 
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64 channel high-band array (0.1–200 keV) with 30 
eV resolution at 60 keV. The TEMS instrument will 
become the workhorse in our laboratory astrophys-
ics program to ensure that our measurements and 
understanding of atomic processes are ready to in-
terpret the spectra we will obtain with Astro-H and 
future observatories. TEMS will be installed at the 
EBIT facility in late 2014

Next Generation X-ray Optics 

The group, led by Dr. William Zhang, has demon-
strated the construction of mirror modules that per-
form at 10 arcsecond levels and pass all necessary 
environmental tests, including vibration, acoustic, 
and thermal vacuum. They have continued their ef-
fort to improve the angular resolution, with a plan 
to demonstrate 5 arcsecond resolution by the end of 
2015 and paving the way for achieving 1 arcsecond 
resolution by the end of this decade. The construc-
tion of a mirror module is a three step process: sub-
strate fabrication, coating, and alignment and bond-
ing. Each step is improved in parallel.

For substrate fabrication, they are changing the 
glass forming process from slumping onto a convex 
mandrel to slumping into a concave mandrel. The 
reversal of mandrel polarity means that the X-ray 
reflecting surface of the finished substrate is no lon-
ger in direct contact with the mandrel surface during 
forming, thereby reducing and possibly eliminating 
middle-spatial-frequency errors caused by imprint-
ing. The downside of this new approach is that it 
imposes an additional thickness uniformity require-
ment on the glass sheets. Now that the slumping 
process is much better understood and has met the 
original objective of making 15 arcsecond substrates 
for the Constellation-X mission, a small added cost 
of processing commercially procured glass sheets 
to achieve uniformity is warranted. The group ex-
pects to be able to improve the substrate quality by 
a factor of 2, from 6 arcseconds to better than 3 by 
the end of 2015. Meanwhile, the researchers are also 
pursuing a novel approach of making mirror sub-
strates by polishing and light-weighting single crys-
tal silicon mirrors. This process has the potential of 
making diffraction-limited X-ray mirrors. 

Over the last year, they conducted a number of 
mirror-coating experiments using both atomic lay-
er deposition and the magnetron sputter processes. 
Those experiments showed that coating both sides 
of a substrate simultaneously does not result in zero 
distortion, as one would expect. There may be a 
number of reasons to explain those results, includ-

ing coating thickness variation. In the process of un-
derstanding those results, they found that a thermal 
annealing process can significantly reduce thin film 
stress, and thereby the distortion it causes. They are 
continuing the process of optimizing the coating 
and annealing parameters and hope to reduce the 
contribution of coating distortion to angular resolu-
tion to less than 1 arc-second. 

The group continues to verify and perfect the 
entire process by constructing mirror modules that 
contain three co-aligned pairs of Wolter I mirrors. 
The complete end-to-end construction and testing 
process allow researchers to identify and address 
problems that may otherwise elude them during 
individual steps. They are well on their way toward 
making 5 arcsecond modules by the end of 2015, en-
abling several potential Explorer missions.

X-ray Mission Studies

Scientists from the X-ray Astrophysics Laboratory 
engaged in studies related to future large X-ray mis-
sions in collaboration with the PCOS Program Office. 
During the first half of 2013, a team led by Petre and 
Ptak, and including Kilbourne, Bandler and Zhang, 
wrote a Technology Development Roadmap for a 
large X-ray observatory. This document describes 
the steps, timescale and funding needed to bring key 
instrument technologies needed for a large X-ray 
mission to maturity: X-ray optics, calorimeters and 
grating spectrometers. This document was submit-
ted to NASA Headquarters in August 2013. 

In September, NASA formed a Science and 
Technology Definition Team (STDT) chartered to 
study an X-ray Probe mission concept during the 
2013–2015 time frame. The goal was to define a cal-
orimeter-based X-ray observatory costing less than 
one billion dollars and to provide a mission concept 
to NASA HQ to be considered for a possible 2017 
start. Hornschemeier was co-chair of the STDT, 
Petre the Study Scientist, and Ptak the Deputy 
Study Scientist. Over the two months of study ac-
tivity (October–November 2013), the Study Team 
performed several trade studies to see how mirror 
design could affect mission cost. The studies started 
with the single instrument calorimeter mission from 
the 2012 X-ray Mission Concepts Study (N-CAL) 
and showed that a 50-percent reduction in either 
mirror area or focal length does not result in signifi-
cant cost savings. It appears that there is a substan-
tial entry-level cost for any large mission involving 
an X-ray calorimeter.
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Malachi Tatum

Malachi earned his Ph.D. at 
the University of Maryland, 
Baltimore County, where he 
studied the importance of 
the Compton-thick X-ray re-
processor in active galactic 
nuclei. This work included 
modeling selected Seyfert gal-
axies using a Compton-thick 
accretion-disk wind and un-

derstanding the spectral properties of a hard-X-ray-
selected sample in context of reflection-dominated 
and absorption-dominated models. Malachi joined 
ASD as an NPP Fellow in November 2013 under the 
supervision of Andy Ptak and is focused on using the 
hard X-ray bandpass as a proxy for understanding 
the underlying power law continuum of active ga-
lactic nuclei and exploring how Compton-thick ab-
sorption in the X-ray band affects the energy budget 
of these systems, both offering insight into the link 
between black hole mass and galactic bulge proper-
ties. He also has interest in the connection between 
starbursts and active galactic nuclei. Malachi is most 
excited to work with the NuSTAR science group and 
awaits the launch of Astro-H.

The study was terminated in late 2013 after 
ESA announced that its L2 mission (with nominal 
2028 launch) would be an X-ray observatory with 
scientific objectives encompassing those of the 
X-ray Probe. NASA has shifted its focus on a future 
large X-ray mission to discussions with ESA about 
contributing to L2. Petre is serving as the study 
scientist for this activity.

Awards

In 2013, Jean Swank was awarded the NASA 
Distinguished Service Medal, the agency’s highest 
honor, those who display distinguished service, 
ability, or courage, and have personally made a 
contribution representing substantial progress to 
the NASA mission. The contribution must be so ex-
traordinary that other forms of recognition would 
be inadequate.

In 2012, Tim Kallman received a Robert H. 
Goddard Honor Award for Scientific Achievement 
“for his outstanding performance as GEMS Project 
Scientist.” The Gravity and Extreme Magnetism 
Small Explorer (GEMS) project was led by Swank.

New Faces

Raul Riveros 

Raul joined ASD’s X-ray 
Astrophysics Laboratory 
in January 2013 as an NPP 
Fellow working with Dr. Will 
Zhang. He obtained his Ph.D. 
in mechanical engineering 
from the University of Florida 
in August 2012 and continued 
on there for a semester-
long postdoc appointment. 

His background is in manufacturing science with 
emphasis on surface finishing processes. His 
research interests lie in optical and nontraditional 
manufacturing and the immense challenges of 
building sub-arcsecond-resolution X-ray optics. 
He is excited to have the opportunity to work on 
the development of manufacturing processes for 
segmented single crystal silicon X-ray mirrors for 
future X-ray telescope missions.
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Gravitational Astrophysics Laboratory

Dr. Robin T. Stebbins
Lab Chief

Laboratory Overview

The Gravitational Astrophysics Laboratory 
(Code 663) conducts a broad range of scientific 
investigations into astrophysical regimes dominated 
by extreme gravity. The laboratory provides the 
scientific and technical leadership to develop 
space-based gravitational wave observatories and 
includes a mix of theorists and experimentalists. 
Research encompasses a variety of areas, including 
numerical relativity, gravitational-wave sources 
and data analysis, mission formulation, theoretical 
modeling of high energy astrophysical sources, and 
precision metrology. In addition to the civil servant 
staff, the laboratory has nine university scientists  
and postdocs.

Staff List

Scientist Research Interest Project/Mission Role/Affiliation
John Baker Gravitational wave astrophysics, 

numerical relativity, data analysis, 
GRMHD 

WFIRST-AFTA
eLISA

Study Scientist
JSI 

Jordan Camp Multiwavelength astronomy, 
precision measurement

LIGO, eLISA, 
ISS-Lobster 

LSC 

Alice Harding Pulsars, gamma-ray emission Fermi, NICER JSI 

Demos Kazanas Black holes, compact objects, active 
galactic nuclei, gravitation 

Jeff Livas Gravitational wave astrophysics, 
precision measurement, laser 
communications, small satellites

eLISA 

Jeremy Schnittman Black holes, X-ray polarization, 
gravitational wave astrophysics, 
exoplanet atmospheres 

eLISA, Lobster, ATLAST JSI
John Hopkins University 

Robin Stebbins Gravitational wave astrophysics, 
precision measurement

eLISA
GRACE Follow-On

Floyd Stecker Cosmic gamma rays. gamma-
ray astronomy, high-energy 
astrophysics , astrophysical tests of 
relativity

Fermi UCLA

J. Ira Thorpe Gravitational wave astrophysics, 
precision measurement

eLISA, LISA Pathfinder LPF Science Team 

Richard Fahey Relativity Emeritus U.S. Naval Academy 

Vigdor Teplitz Relativity, exotic particles Emeritus U.S. Department of State 
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also produce considerable amounts of hard X-rays, 
photons with energy tens to hundreds of times 
greater than soft X-rays. This higher-energy emis-
sion implies the presence of correspondingly hotter 
gas, with temperatures reaching billions of degrees. 

Working with Julian Krolik (Johns Hopkins 
University) and Scott Noble (Rochester Institute of 
Technology), Schnittman developed a process for 
modeling the radiation transport of X-rays through 
the hot gas surrounding the black hole and compar-
ing these results to observations. Noble developed 
a computer simulation solving all of the equations 
governing the complex motion of inflowing gas and 
its associated magnetic fields near an accreting black 
hole, while also taking into account Einstein’s theo-
ry of relativity. The rising temperature, density and 
speed of the infalling gas dramatically amplify mag-
netic fields threading through the disk, which then 
exert additional influence on the gas. The result is 
a turbulent froth orbiting the black hole at speeds 
approaching the speed of light.

Over the years, improved X-ray observations pro-
vided mounting evidence that hard X-rays originat-
ed in a hot, tenuous corona above the disk, a struc-

Science Highlights

How Black Holes Shine in Hard 
X-rays

Dr. Jeremy Schnittman has helped to develop a pro-
cess for modeling the inner region of a black hole’s 
accretion disk, tracking the emission and propaga-
tion of X-rays through the highly curved space-time. 
This new study confirms long-held suspicions about 
how stellar-mass black holes produce their high-
est-energy photons and bridges the gap between 
theory and observation, showing from first princi-
ples that both hard and soft X-rays inevitably arise 
from gas spiraling toward a black hole.

Gas falling toward a black hole initially orbits 
around it and then accumulates into a flattened 
disk. The gas stored in this disk gradually spirals in-
ward and becomes greatly compressed and heated 
as it nears the center. Ultimately reaching tempera-
tures up to 12 million C—some 2,000 times hotter 
than the sun’s surface—the gas shines brightly in 
low-energy, or soft, X-rays. For more than 40 years, 
however, observations have shown that black holes 

This animation of supercomputer data shows both low-energy X-rays (red) from the inner accretion disk and 
high-energy X-rays (blue) from the inner corona of a stellar-mass black hole. Particles in the corona scatter soft 
X-rays from the disk, resulting in hard X-ray emission. We view this scene from a perspective 45 degrees above 
the plane of the accretion disk. Inset: A sketch of showing the approximate relationships between the black hole, 
its accretion disk, the corona region and the viewing angle in the simulation. Credit: NASA’s Goddard Space 
Flight Center/J. Schnittman, J. Krolik (JHU) and S. Noble (RIT)
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ture analogous to the hot corona that surrounds the 
sun. Noble’s simulations showed that the strong 
magnetic fields in the disk naturally bubbled up out 
of the dense gas to form a corona. 

Using the data generated by Noble’s simulation, 
Schnittman developed tools to track how X-rays 
were emitted, absorbed, and scattered through-
out both the accretion disk and the corona region. 
Combined, they demonstrate for the first time a 
direct connection between magnetic turbulence in 
the disk, the formation of a billion-degree corona, 
and the production of hard X-rays around an ac-
tively “feeding” black hole. In the corona, electrons 
and other particles move at appreciable fractions of 
the speed of light. When a low-energy X-ray from 
the disk travels through this region, it may col-
lide with one of the fast-moving particles. The im-
pact greatly increases the X-ray’s energy through 
a process known as inverse Compton scattering, 
explaining the origin of the hard X-rays seen in 
observations. The results were published in The  
Astrophysical Journal.

The initial study was based on a non-rotating 
black hole. Schnittman and his collaborators are 
currently extending the results to spinning black 
holes, where rotation pulls the inner edge of the disk 

further inward and conditions become even more 
extreme. They also plan a detailed comparison of 
their results to the wealth of X-ray observations now 
archived by NASA and other institutions.

IceCube, Neutrinos, and Lorentz 
Invariance
The observation of two PeV-scale neutrino events 
reported by IceCube, a neutrino observatory lo-
cated at the Amundsen-Scott South Pole Station 
in Antarctica, allowed Dr. Floyd Stecker to place 
strong constraints on Lorentz invariance violation 
in the neutrino sector. He first showed that at least 
one of the PeV IceCube events was of extragalactic 
origin, allowing him to derive an upper limit for the 
difference between putative superluminal neutri-
no and electron velocities. He then derived a new 
constraint on the superluminal electron velocity, 
obtained from Fermi observations of a Crab Nebula 
flare. His inference that the ~GeV gamma rays from 
synchrotron emission in the flare were produced by 
electrons of energy up to ~5.1 PeV was used to de-
rive a new, strong constraint on superluminal elec-
tron velocities. Stecker then used both constraints 
to obtain an upper limit on superluminal neutrino 

IceCube, located at the Amundsen-Scott South Pole Station in Antarctica, is the world’s largest neutrino detector. 
The facility instruments a volume of roughly one cubic kilometer of clear Antarctic ice with 5,160 sensors at 
depths between 1,450 and 2,450 meters. The laboratory building shown here hosts the computers that collect the 
raw data. Credit: Felipe Pedreros. IceCube/NSF
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velocities alone that was many orders of magnitude 
better than the time-of-flight constraint obtained 
from the neutrino burst detected from SN 1987A. 
The study was submitted to Astroparticle Physics.

The Steep Decline of GRB 
Afterglows
Dr. Demos Kazanas, working with J. Sultana (U. of 
Malta) and A. Mastichiadis (U. of Athens, Greece), 
addressed the puzzle of Swift X-ray afterglow light 
curves. The work is based on a model for the dissi-
pation of GRB kinetic energy proposed a decade ago 
by Zazanas, Mastichiadis, and M. Georganopoulos 
(UMBC), which asserted a similarity between the 
conversion of energy stored in relativistic protons 
in a GRB blast wave and the explosion of a super-
critical nuclear pile. The novel—and important—as-
pect of this study is the consideration of the effects 
of radiation emission on the kinematics of the GRB 
relativistic blast wave. The significance lies in that 
it connects the process of GRB radiation emission 
to the dynamics of the relativistic blast waves, and 
that it makes specific predictions about the prompt 
and afterglow GRB luminosity in agreement with 
observations. The results were published in The 
Astrophysical Journal.

Projects in Operation

Fermi 

In operation since 2008, the Fermi Gamma-ray 
Space Telescope mission enjoys support from the-
orists in Code 663. In August, the mission celebrat-
ed the end of its five-year primary mission and en-
tered an extended missions stage. The Fermi Project 
report is located in the Astroparticle Physics 
Laboratory (661) section.

Projects in Development

LISA Pathfinder

A technology demonstration mission managed by 
ESA, LISA Pathfinder is due to launch in July 2015. 
Code 663 members are involved in the science team 
working group, and are participating in science 
mission operations planning and simulations to 
serve as part of the science operations team during 
in late 2015.

Neutron star Interior 
Composition Explorer Mission 
(NICER)

NICER is currently in Phase C/D for installation on 
the International Space Station. Code 663 staff will 
provide theoretical and data analysis support for the 
mission. The NICER mission summary is reported 
in the X-ray Astrophysics Laboratory (662) 
section.

Mission and Instrument 
Concepts

ISS-Lobster

ISS-Lobster is a wide-field X-ray transient all-sky 
monitor, proposed to be deployed on the ISS. The 
unique Lobster optics focus 0.3–5 keV X-rays and 
provide simultaneous wide field of view (900 square 
degrees), good sensitivity (10–11 erg/cm2 sec in 2,000 
sec), and good position resolution (1 arcmin). These 
characteristics predict a detection rate of numerous 
transient X-ray sources, including several per year 
of tidal disruption events, high redshift (z > 5) 
GRBs, and, most importantly, X-ray counterparts 
of gravitational wave events observed by the LIGO 
network. ISS-Lobster was submitted as a Mission 
of Opportunity proposal in December 2012. The 
proposal received very strong reviews but the 
opportunity was cancelled due to lack of funding. 
The ISS-Lobster proposal will be re-submitted in 
December 2014.

Evolved LISA (eLISA)

For more than a decade, the Laser Interferometer 
Space Antenna (LISA) has been the preferred mis-
sion concept for carrying out gravitational wave ob-
servations from space. Funding and programmatic 
constraints have forced NASA and the European 
Space Agency (ESA) to identify new mission con-
cepts compatible with their respective programs. 
In Europe, this class of missions is called evolved 
LISA (eLISA), supported by the eLISA Consortium 
(https://www.elisascience.org). A small core 
group is supporting the European eLISA consor-
tium and preparing for the Decadal 2020 activity 
in the U.S. with the goal of launching a space-based 
gravitational wave observatory. 

https://www.elisascience.org
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In November 2013, the European Space Agency 
(ESA) chose the “Gravitational Universe” as the sci-
ence theme for the L3 Cosmic Visions launch op-
portunity. A call for mission concepts to support 
this science theme will be issued later in the decade, 
with a nominal launch date of 2034. To support this 
selection, NASA completed in 2013 a technology 
development roadmap to bring several candidate 
technologies to TRL 5 level by 2018. The candidate 
technologies are micro-newton thrusters, a laser 
system, a phase meter and a telescope. In recent 
years the Strategic Astrophysics Technology (SAT) 
program has supported development of all four crit-
ical technologies. The Small Business Innovative 
Research (SBIR) program has also supported laser 
development. J. Livas leads the telescope work, and 
J. Camp leads the laser development at Goddard. W. 
Klipstein leads the phase meter development and J. 
Ziemer leads the microthruster effort at JPL.

The immediate milestone for the community is 
the successful conclusion of the LISA Pathfinder 
Mission (LPF) to be launched in 2015. LPF is a mis-
sion to demonstrate LISA technologies and to val-
idate a noise model for inertial reference masses. 
It consists of an ESA payload called the LISA Test 
Package (LTP) and a NASA payload called the ST7 
Disturbance Reduction System. J. I. Thorpe, NASA’s 
representative on the LPF Science Team, was joined 
by postdoc J. Slutsky to support mission science op-
erational simulations and data analysis for the LPF 
mission as well as exploring possible extended mis-
sion phase experiments.

Technology Development for 
Gravitational Wave Missions

The technologists of the Gravitational Wave 
Astrophysics Branch continued to study key and 
enabling technologies for space-based gravitational 
wave detection in 2013. In addition to developing 
technologies for a future U.S.-led gravitational wave 
mission, branch technologists are studying poten-
tial contributions to ESA’s eLISA mission concept. 
These efforts were led by branch scientists Camp, 
Livas, Numata, Stebbins, and Thorpe with help 
from both contract and civil-servant engineers. The 
technology-development efforts also provided edu-
cational opportunities for several students, includ-
ing high school student Robert Buttles and graduate 
student Ryan Stein (Towson Univ.). Results from 
2013’s technology development work were pre-
sented at several conferences, including the 13th 
International Conference on Topics in Astroparticle 

and Underground Physics, the 221st American 
Astronomical Society Meeting, the 13th Meeting of 
the High Energy Astrophysics Division (HEAD), 
and the 2013 APS April Meeting.

The immediate milestone for the program is 
the successful completion of the LISA Pathfinder 
Mission (LPF), expected to launch in 2015. Thorpe, 
the U.S. LPF science team representative, along with 
Slutsky, are supporting science mission operations 
simulations for the validation of the gravitational in-
ertial sensor noise model and developing a proposal 
for an extended mission.

Numata and Camp are pursuing the develop-
ment of a planar-waveguide external cavity diode 
laser (PW-ECL) as a possible alternative to tradi-
tional NPROs and fiber lasers through the SBIR pro-
gram with Redfern Integrated Optics in California. 
The first 1064 nm sample was delivered to Goddard 
in early 2013. Test results showed promising noise 
performance and a second laser with higher output 
power is scheduled for delivery in late 2013 and will 
be tested together with the Yb pre- and power-am-
plifier as an all-waveguide-based laser system. 

Livas, together with postdoctoral fellow Shannon 
Sankar (U. Florida) and collaborators Peter Blake, 
Joe Howard, Len Seals, Petar Arsenovic, and Ron 
Shiri—all in Code 551, the Optics Branch of Goddard’s 
Instrument Systems & Technology Division—com-
pleted a study with an industrial partner to do a fo-
cused design and engineering study for a telescope 
for a space-based mission that includes an explicit 
consideration of design-for-manufacturing require-
ments, an expertise that the Goddard team does not 
have. Procurement of a prototype telescope is in 
progress to support an experimental test program 
to verify the performance of the design. As part of 
the design study, Sankar, Shiri and Seals are inves-
tigating the feasibility of using amplitude masks for 
scattered light suppression. The masks would be 
implemented with carbon nanotube technology de-
veloped by John Hagopian (551). Shiri has an IRAD 
award for this work. 

Awards 
Dr. Alice Harding’s research on pulsars won the 2013 
Bruno Rossi Prize from the American Astronomical 
Society, awarded jointly with Dr. Roger Romani 
from Stanford University, “for establishing a the-
oretical framework for understanding gamma-ray 
pulsars” and the Robert H. Goddard Award of Merit 
“for a career of excellence in the theoretical under-
standing pulsars.” 
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The Goddard Honor Award for Diversity and 
Equal Employment Opportunity went to Dr. John 
Baker “for attracting a large and diverse group of 
highly qualified postdocs to Goddard with signifi-
cant representation of under-represented classes.” 

In December, U.S. Assistant Secretary of State 
for Oceans and International Environmental and 
Scientific Affairs Kerri-Ann Jones honored Dr. 
Vigdor Teplitz (663 emeritus) with an individual 
certificate of appreciation for “exceptional, sus-
tained performance in furthering the international 
cooperation goals outlined in the President’s June 
2010 National Space Policy.” The award recognized 
efforts to assist NASA in getting South Africa to join 
the president’s Asteroid Initiative and, in particular, 
to obtain access to a specific South African radar. 

New Faces

Tehani Finch 

Tehani joined the gravitation-
al astrophysics lab at ASD as 
an NPP fellow in September 
2013. He arrives after four 
years as a Lecturer at Howard 
University, where he also ob-
tained his doctorate in the-
oretical physics under Dr. 
Tristan Hubsch. His research 
interests include construction 

of new coordinate systems for black hole geome-
tries, higher-dimensional relativity, causal structure 
of time-dependent space-times, and the gravitation-
al wave forms produced by merging binary black 
holes. He currently works under the supervision of 
John Baker on applying the recently developed ten-
dex-vortex formalism for space-time curvature visu-
alization to mergers of black holes with spin. He also 
looks forward to investigating the knowledge that 
can be gleaned about constraints on dark matter 
annihilation involving the Penrose process between 
the static limit and the horizon of a rotating black 
hole, through the use of novel coordinates. Tehani 
is quite pleased to be able to learn from and interact 
with the astrophysics community at Goddard and 
eagerly anticipates the chance to broaden the scope 
of his research.
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Observational Cosmology Laboratory

Dr. Jonathan Gardner
Lab Chief

Dr. Stephen Rinehart
Associate Lab Chief

Staff List

Scientist Research  
Interest Project/Mission Affiliations

Dominic Benford Astronomical 
Instrumentation;
Galaxy formation and 
evolution

WFIRST-AFTA
HAWC++
BETTII
PIPER
WISE

Program Scientist (HQ)
Institutional Principal Investigator
Co-Investigator
Co-Investigator
Deputy Project Scientist

David Chuss Cosmic microwave 
background; CMB 
polarimetry

LAMBDA
CLASS
PIPER
HAWC+

Director
Institutional Lead
Co-Investigator
Co-Investigator

Eli Dwek Formation and 
evolution of dust; 
extragalactic 
background light; 
galaxy evolution

Jonathan Gardner Galaxy formation and 
evolution 

JWST
Euclid

Deputy Senior Project Scientist
Consortium Member

Matthew 
Greenhouse

Active galaxies; 
infrared astronomy

JWST ISIM Project Scientist

Laboratory Overview 
The Observational Cosmology Laboratory (Code 665) investigates the origin, evolution, contents and ul-
timate fate of the universe. Scientists seek to understand what powered the Big Bang; the size, shape, and 
matter-energy content of the universe; when the first stars and galaxies appeared and their evolution over 
cosmic time; and the nature of the mysterious dark energy that is driving the universe apart. We analyze 
data from past and current missions to puzzle out the nature of galaxies and the history of the universe and 
we develop new techniques, new technologies, new cameras and state-of-the-art detectors. Experimental 
test beds and air- or balloon-borne instruments pave the way for new space missions. Laboratory astro-
physics experiments provide new comparisons for interpreting infrared data from missions such as the 
Spitzer, Herschel, and James Webb Space Telescopes. In addition to the civil servant staff, the laboratory 
has 62 contract and university scientists, engineers, technicians, post docs, and grad students.
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Scientist Research  
Interest Project/Mission Affiliations

Alan Kogut Cosmic microwave 
background; far-IR 
instrumentation; 
diffuse radio 
continuum

PIPER
PIXIE
NASA Scientific Balloon 
Program

Principal Investigator
Principal Investigator
Deputy Project Scientist

Jeffrey Kruk Dark energy; 
stellar evolution; 
instrumentation

WFIRST-AFTA
HST
ACCESS

Study Instrument Scientist
Observatory Project Scientist
Institutional Lead

John Mather Cosmology; 
instrumentation

JWST Senior Project Scientist

Harvey Moseley Cosmology; 
infrared astronomy 
instrumentation

JWST Microshutter Array
PIPER
CLASS
HAWC++
FORTIS

Principal Investigator
Co-Investigator
Co-Investigator
Co-Investigator
Co-Investigator

Susan Neff Galaxy formation and 
evolution, activity 
cycles

Cosmic Origins Program
GALEX

Chief Scientist
Project Scientist

Deborah Padgett Debris disks, star 
formation

Cosmic Origins Program
WISE
WFIRST-AFTA

Deputy Chief Scientist
Co-Investigator
Study Scientist

Bernard Rauscher Infrared astronomy 
instrumentation, 
galaxy formation, 
cosmology

JWST
ACCESS
WFIRST-AFTA

Deputy ISIM Project Scientist
Co-Investigator
Study Scientist

Jane Rigby Star-forming 
galaxies, active 
galactic nuclei

JWST Deputy Project Scientist for 
Operations

Stephen Rinehart Astronomical 
instrumentation, 
interferometry, star 
and planet formation

TESS
BETTII

Project Scientist
Principal Investigator

Robert Silverberg IR astronomy 
instrumentation

BETTII Emeritus

George 
Sonneborn

Supernovae, massive 
stars

JWST Project Scientist for Operations

Amber Straughn Galaxy formation and 
evolution

JWST

WFIRST-AFTA

Deputy Project Scientist for 
Communications
Study Scientist

Eric Switzer Cosmic microwave 
background, large-
scale structure

PIPER
WFIRST-AFTA

Co-Investigator
Study Scientist

Edward Wollack Astronomical 
instrumentation, 
cosmology

NASA Engineering Safety Center
ACTpol
CLASS
HAWC++
GISMO
PIPER
WFIRST-AFTA

Deputy Chief Scientist
Co-Investigator
Co-Investigator
Co-Investigator
Co-Investigator
Co-Investigator
Study Scientist
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Science Highlight

The Condor Spreads its Wings

The barred spiral galaxy NGC 6872, the Condor gal-
axy, is the largest-known spiral galaxy, as report-
ed by Rafael Eufrasio, Eli Dwek, Richard Arendt, 
and Duilia de Mello at the AAS winter meeting in 
January 2013. For decades, the Condor was counted 
among the largest-known galaxies, but the capabili-
ties of GALEX to detect ultraviolet light from young 
stars enabled determination of its true extent. 

The galaxy is much larger in the ultraviolet than 
in any other wavelength regime due to star forma-
tion triggered by an interaction with its closest com-
panion to the north, the lenticular galaxy IC 4970. 
This discovery was part of a multiyear effort to study 
star formation in nearby spiral galaxies from the UV 
to radio. The galaxy’s extended UV and HI disk is 
longer than 160 kpc in diameter. The disk is inclined 
45° towards our line-of-sight and, despite interac-
tion with its companion, the Condor’s rotation curve 
is quite regular and undisturbed.

The outer parts of the disk are almost entirely 
blue, suggesting the presence of young stellar pop-
ulations full of massive hot stars. The companion 
possesses only 10 to 20 percent of the Condor gal-
axy’s mass, which is greater than 2 x 1011 MSun in 
stars, with an average rate of star formation around 
5 MSun per year. The interaction disturbed the mor-
phology of the galaxy, but did not significantly affect 
its stellar or gas masses. Over the entire duration of 
the interaction, the total stellar mass formed does 
not account for even 1 percent of the Condor’s cur-
rent stellar mass. A detailed study of the Condor bar 
also shows that this structure was in place for the 
last few gigayears and was minimally affected by  
the collision. 

Another interesting product of this interaction 
is shown in the upper-right corner of the image, on 
the edge of the Condor’s spiral arm. It resembles a 
tidal dwarf galaxy in the process of formation. The 
study also included Fernanda Urrutia-Viscarra and 
Claudia Mendes de Oliveira at the University of São 
Paulo in Brazil and Dimitri Gadotti at the European 
Southern Observatory in Santiago, Chile.

This composite of the giant barred spiral galaxy NGC 6872 combines far-ultraviolet (1528 Å) data from NASA’s 
GALEX with optical images from the European Southern Observatory’s Very Large Telescope and 3.6-micron 
infrared data acquired by NASA’s Spitzer Space Telescope. A previously unsuspected tidal dwarf galaxy candidate 
(circled) appears only in the ultraviolet, indicating the presence of many hot young stars. IC 4970, the small disk 
galaxy interacting with NGC 6872, is located above the spiral’s central region. The spiral is over 160 kpc across 
from the tip of one outstretched arm to the tip of the other, which makes it about five times the size of the Milky 
Way. Images of lower resolution from the Digital Sky Survey were used to fill in marginal areas not covered by 
the other data. Credit: NASA’s Goddard Space Flight Center/ESO/JPL-Caltech/DSS
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exoplanets and objects in our solar system. Time 
on the telescope will be allocated to the commu-
nity through annual peer-reviewed proposals in a 
manner similar to Hubble. The prime contractor is 
Northrop Grumman; the Science and Operations 
Center is located at the Space Telescope Science 
Institute. JWST is a partnership between NASA and 
the European and Canadian space agencies.

The ASD provides scientific direction for JWST 
through a team consisting of 11 project scientists. 
The Senior Project Scientist is John Mather, his 
deputy is Jonathan Gardner and his technical dep-
uty is Malcolm Niedner. The other members of the 
team: Matthew Greenhouse (Instrumentation), 
Bernard Rauscher (deputy); Mark Clampin 
(Observatory), Charles Bowers (deputy); Randy 
Kimble (Integration and Test); George Sonneborn 
(Operations), Jane Rigby (deputy) and Amber 
Straughn (Communications). In addition, Stefanie 
Milam is currently on detail from the Planetary 
Sciences Division to study solar system observations 

Marking a huge mission milestone for the James Webb Space Telescope, the last three of the 18 flight primary 
mirror segments arrived at NASA’s Goddard on Dec. 16, 2013. After traveling across the country, the mirrors 
were prepped to enter a Goddard clean room for inspections. Credit: NASA Goddard/Chris Gunn

Projects in Operation

Hubble Space Telescope

The Hubble Space Telescope (HST) is discussed in 
the Code 667 laboratory section and includes 
participation by Code 665 member Jeffrey Kruk as 
the Observatory Project Scientist.

Projects in Development

James Webb Space Telescope

The James Webb Space Telescope (JWST) is a large 
(6.5m), cold (50K), facility-class general-purpose 
observatory that will be launched into orbit around 
the Sun-Earth L2 point. It is the successor to the 
Hubble and Spitzer space telescopes. Its science 
goals include detecting the first galaxies to form in 
the early universe, galaxy evolution, star formation, 



Astroparticle Physics Laboratory	 55

Astrophysics Science Division	 Annual Report 2013

with JWST. ASD science staff members are also di-
rectly involved in the provision of key flight systems 
for the JWST near-infrared multi-object spectrome-
ter (NIRSpec), including its detector and microshut-
ter array systems.

Mather chairs the JWST Science Working Group 
(SWG), and the Project Scientists work closely with 
the management and engineering teams, partic-
ipating in reviews, project meetings, serving on 
change-configuration boards, and participating 
in decisions. In 2006, the JWST SWG published a 
thorough description of the JWST science goals and 
technical implementation as a special issue of the 
refereed journal Space Science Reviews. It has since 
also updated and extended the science case in a se-
ries of white papers that include astrobiology, dark 
energy, exoplanet coronagraphy, exoplanet tran-
sits, first-light galaxies, resolved stellar population, 
and solar system observations. The Space Science 
Reviews paper and the white papers are available 
from jwst.gsfc.nasa.gov/scientists.html. There 
were two conferences for community discussion of 
JWST science in 2007 and 2011. The next confer-
ence is likely to be in 2015.

The JWST Project is currently in development, 
and is conducting the Integration and Test (I&T) 

phase for many systems. The budget and schedule 
went through a replan in 2011 and the mission is 
now fully funded for launch in 2018; there has been 
no change to the budget or schedule since the replan. 
The Integrated Science Instrument Module (ISIM) 
consists of the four science instruments and nine 
subsystems. ISIM began its integration and testing 
phase in 2011. In 2013, two instruments, the Mid-
Infrared Instrument and the Fine Guidance Sensor/
Near-Infrared Imager and Slitless Spectrograph 
were integrated into the ISIM structure, which went 
through its first cryovacuum test. The other two in-
struments, the Near-Infrared Camera and the Near-
Infrared Spectrograph, were delivered to Goddard. 
The ISIM and its four instruments will undergo 
its second cryovacuum test in 2014, with a third 
planned for 2015.

The ASD is directly responsible for provision of 
two flight systems, both within the Near-Infrared 
Spectrograph (NIRSpec), an instrument that 
is part of the ESA contribution to the mission. 
The Microshutter Assembly (MSA) is led by PI 
Harvey Moseley with contributions from a number 
of contractor scientists. The MSA will enable 
simultaneous spectra of more than 100 objects—the 
first time that a true multi-object spectrograph has 

Goddard engineer Ed Shade puts the final touches on thermal blankets in a Space Environment Simulator, a 
vacuum chamber used to test JWST components. The blankets, made of aluminized kapton, cover wiring on 
the floor to prevent the heat they create from contaminating the other parts of the test bed. Credit: NASA/Chris 
Gunn

jwst.gsfc.nasa.gov/scientists.html
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flown in space. An initial MSA system was delivered 
to ESA in 2010; a replacement is currently being 
made. The NIRSpec detector system is also being 
built at Goddard, under the leadership of PI Bernard 
Rauscher. Moseley and Rauscher are members of 
the NIRSpec Science Team and will participate in 
their Guaranteed Time Observations.

All of the flight primary mirror segments and 
secondary and tertiary mirrors have been completed 
and were delivered to Goddard in 2013. The 
center section of the flight backplane underwent 
cryovacuum testing in 2013, and the two deployed 
side wings of the backplane were also completed in 
2013. The primary mirror will be assembled onto 
the back plane in the Goddard clean room over the 
next few years.

When the primary mirror is complete and the 
ISIM is finished with its I&T, the two will be put 
together and tested in the Johnson Space Center 
Chamber A. The JWST project has modified the his-
toric Chamber A for use in JWST testing by install-
ing a gaseous helium shroud. During 2013, a clean 
room was constructed outside the chamber.

Development of the JWST Science and Operations 
Center at Space Telescope Science Institute is 

ASD outreach: NASA 2013 Real World/In World Engineering Design Challenge winners visit 
Goddard and meet with Nobel Laureate Dr. John Mather. Credit: Darryl Mitchell

progressing with the rest of the project. Analysis of 
the Science Operations Design Reference Mission 
allowed a first look at scheduling and efficiency. 
Additional science tools include an exposure time 
calculator, a point spread function simulator and the 
JWST astronomer’s proposal tool. A System Design 
Review was completed for the Data Management 
System, which will process, calibrate and archive the 
science and engineering data.

Outreach to the scientific community in 2013 in-
cluded Town Halls at the American Astronomical 
Society winter meeting and at the Division of 
Planetary Science meeting. Public outreach and 
communications highlights for 2013 included a 
tremendously successful presence at the South by 
Southwest Festival in Austin, Texas. With activities 
centered on the JWST full-scale model, JWST per-
sonnel interacted directly with more than 15,000 
people and reached more than 4 million through 
social media. The JWST social media team now has 
nearly 160,000 Facebook friends, 100,000 Twitter 
followers and 400,000 total video views. The JWST 
website underwent a major update and there were 
several press releases or web features each month.
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The 1,280-pixel pathfinder array, which is hybridized to an SQUID Multiplexer from NIST Boulder. 

molecular material where stars are born. In addition 
to observing the orientation of galactic magnetic 
fields in dense gas in our own galaxy, HAWC+ will 
measure the global orientation of magnetic fields in 
other galaxies. These observations can address out-
standing problems in galactic dynamo theory, help 
discriminate between theories and models for galac-
tic winds, and help understand the FIR-radio cor-
relation in galaxies. The phenomenon of interstellar 
polarization was discovered by Hall and Hiltner in 
1949, but the mechanism by which grains align with 
magnetic fields is still one of the longest-standing 
mysteries of ISM physics. The 2010 Decadal Survey 
stressed the importance of polarimetry in under-
standing magnetic fields: “Using aligned dust as a 
tracer for magnetic fields requires understanding 
the shapes and optical properties of dust grains 
and how variations in the degree of dust alignment 
depend on local conditions in clouds.” Through its 
combination of spectral coverage, sensitivity, high 
angular resolution, and wide field in the far infra-
red, HAWC+ can provide crucial tests of theories of 
grain alignment.

WMAP Final Results

The Wilkinson Microwave Anisotropy Probe 
(WMAP) has mapped the cosmic microwave back-
ground (CMB) radiation—the oldest light in the uni-
verse—and helped establish a simple and compre-
hensive cosmological model connecting the physics 
of the very early universe to the properties observed 

HAWC+ for SOFIA

The HAWC+ detector effort for NASA’s 
Stratospheric Observatory for Infrared Astronomy 
(SOFIA) is led by Johannes Staguhn of ASD’s 
Observational Cosmology Laboratory and Johns 
Hopkins University. The core development team in-
cludes Dominic Benford, Steve Maher (also SSAI), 
Moseley, Elmer Sharp (also GST) and Ed Wollack, 
along with Christine Jhabvala and Tim Miller from 
Goddard’s Detector Systems Branch. The HAWC+ 
project PI is Darren Dowell of the Jet Propulsion 
Laboratory. A prototype pathfinder kilopixels detec-
tor array with integrated cold readout was built and 
tested this year. This has been a major step toward 
the delivery of four flight arrays for the instrument, 
scheduled for the first half of 2015. 

HAWC+ will give SOFIA the ability to study mag-
netic fields in the molecular material from which 
stars emerge and the ability to efficiently obtain 
large maps of the emission from dust. The scientif-
ic rationale for HAWC+ polarimetry arises from the 
fact that the far-infrared (l = 30–300 mm) contin-
uum dust emission from Galactic sources has been 
found to show linear polarization of 5 percent or 
greater, and that this polarization can be used to 
study the magnetic field in the emission regions.

Magnetic fields are known to exist throughout 
the universe and may be a crucial ingredient in the 
formation of stars and molecular clouds. Only a few 
types of magnetic field measurement are possible. 
Among them, far-infrared polarimetry is particular-
ly well suited to the study of magnetic fields in the 
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multi-moded “light bucket” and a polarizing Fourier 
Transform Spectrometer to measure both the linear 
polarization and spectral energy distribution of the 
CMB and diffuse astrophysical foregrounds. PIXIE 
will measure the frequency spectra in 400 spectral 
bands from 30 GHz to 6 THz for each of the Stokes I, 
Q, and U parameters in each of 49,152 independent 
pixels covering the full sky. The optical design 
achieves sensitivity comparable to focal-plane arrays 
of 10,000 detectors while requiring only 4 detectors.

The combination of sensitivity and broad spectral 
coverage answers exciting questions across cosmic 
history. PIXIE’s primary science goal is the charac-
terization of primordial gravity waves through their 
signature in CMB polarization. PIXIE will measure 
linear polarization to a sensitivity of 70 nK per 1° 
x 1° pixel. Averaged over the sky, PIXIE can detect 
CMB polarization to 3 nK sensitivity, a factor of 10 
below the minimum signal predicted from large-
field inflation models. In addition, PIXIE measure-
ments of the frequency spectrum test astrophysical 
processes ranging from the nature of the first stars 
at reionization, to the star formation history of the 
universe, and to physical conditions within the in-
terstellar medium of the Galaxy.

Wide Field Infrared Survey 
Telescope-Astrophysics Focused 
Telescope Assets (WFIRST-AFTA)
WFIRST-AFTA is a concept currently being studied 
as an astrophysics mission for the 2020s. Code 
665 members Kruk, Straughn, Rauscher, and 
Wollack provide support for the mission study, on 
which we report in the Exoplanet Laboratory  
(667) section.

Artist’s concept of the PIXIE observatory in low Earth 
orbit.

today. In this standard model, the universe is flat, 
homogeneous, and isotropic on large scales. The 
WMAP team includes ASD scientists Bennett (PI, 
now at JHU), Hinshaw (now at UBC), Kogut, and 
Wollack.

The WMAP mission was selected by NASA in 
1996 as the result of an open competition, con-
firmed for development in 1997, and was built and 
ready for launch only four years later, on-schedule 
and on-budget. Launched as MAP on June 30, 2001, 
the spacecraft was later renamed WMAP to honor 
David T. Wilkinson, a Princeton University cosmol-
ogist and a founding science team member who died 
in September 2002. Once at its observing station 
near the second Lagrange point of the Earth-Sun 
system, a million miles from Earth in the direction 
opposite the sun, WMAP scanned the heavens and 
precisely recorded tiny temperature fluctuations 
across the sky. Its first results were published in 
February 2003, with major updates in 2005, 2007, 
2009, 2011, and a final data release in 2013. Having 
completed its mission to “take measure of our uni-
verse,” its data stream has ceased and the spacecraft 
now resides in a parking orbit about the sun. The 
science team gratefully salutes the innovation of the 
technicians, engineers, and countless contributors 
to WMAP’s voyage and it ultimate scientific success.

Mission and Instrument 
Concepts

Primordial Inflation Explorer 
(PIXIE)

The advent of a standard model for cosmology 
is based in part on the concept of inflation, a rap-
id period of superluminal expansion in the early 
universe. The exponential growth of the scale size 
during inflation neatly explains the observed condi-
tions of our universe, but relies on extrapolation of 
physics to energies a trillion times beyond those ac-
cessible to direct experimentation in particle accel-
erators. The Primordial Inflation Explorer (PIXIE) 
will test the inflationary paradigm by searching for 
the “smoking gun” signature of primordial inflation 
in the linear polarization of the cosmic microwave 
background (CMB). 

PIXIE is an Explorer mission concept to detect 
and characterize the signature of primordial 
inflation. Principal Investigator Alan Kogut leads 
a team including Goddard Co-Investigators Dave 
Chuss, Eli Dwek, Dale Fixsen, Harvey Moseley 
and Ed Wollack. PIXIE’s innovative design uses a 



Astroparticle Physics Laboratory	 59

Astrophysics Science Division	 Annual Report 2013

ly filtered and detected on chip. This and related 
technologies for characterization of CMB polariza-
tion will be demonstrated in the Cosmology Large 
Angular Scale Surveyor (CLASS) instrument, a proj-
ect led by Johns Hopkins University to be deployed 
in Chile’s Atacama Desert. 

The Balloon Experimental 
Twin Telescope for Infrared 
Interferometry (BETTII)
The Balloon Experimental Twin Telescope for 
Infrared Interferometry (BETTII) is an 8-meter boom 
interferometer to operate in the far-infrared (30-90 
mm) on a high-altitude balloon. The long baseline will 
provide unprecedented angular resolution (~0.5″) 
in this band, and the high atmospheric transmission 
at balloon altitudes will allow the unique double-
Fourier instrument on BETTII to obtain spectral 
resolution up to R ≡ l/Dl ~ 200. The combination 
of these capabilities will provide spatially resolved 
spectroscopy on astrophysically important sources, 
exploring the physical processes that lurk below the 
resolution limits of current FIR facilities. The first 
flight of BETTII, planned for fall 2015, will focus 
on star-forming clusters, providing powerful new 
constraints on models of cluster formation.

The BETTII project is now three years old, and 
is proceeding on schedule. All major elements of 
the design are complete, and all long-lead pro-
curements are in process. The metering truss for 
the external optics was completed in August 2012; 
the exoskeleton for electronics and control system 
components was constructed in summer of 2013 (al-
though layout modifications continue to be made); 
and the instrument cryostat is on order, with deliv-
ery of all components expected in early 2014. The 
exoskeleton is currently being used for testing of the 
gondola control system, including both sensors and 
control mechanisms, and all individual mechanisms 
have been carefully tested under flight-like condi-
tions. Going forward, we are completing the final 
designs: a few elements, such as the optical layout of 
the near-infrared angle sensor, are being redesigned 
to take advantage of lessons learned in the course of 
the project. But the majority of the effort in the com-
ing year will be focused on testing and integration of 
components into the system. By the end of 2014, we 
anticipate having the complete payload in the high 
bay, with full system testing occurring in early 2015.

Data acquired with BETTII will be compli-
mentary to observations with space observato-

Technology Development / 
Suborbital / Balloon

Detecting CMB Polarization

Recent advances in cosmology hint that the universe 
underwent a brief period of rapid expansion called 
inflation early in its history. If inflation occurred, 
the gravitational waves it produced would have po-
larized the cosmic microwave background (CMB) in 
a particular pattern. To measure this faint signature 
requires the development of instruments with high 
sensitivity, precision control over systematic effects, 
and multiple frequencies for removal of polarized 
galactic foregrounds.

Wollack, Chuss, Moseley, and Karwan Rostem 
in ASD’s Observational Cosmology Laboratory, 
along with team members Kevin Denis, Thomas 
Stevenson, and Kongpop U-Yen in Goddard’s 
Applied Engineering and Technology Directorate, 
are developing detectors for measurement of the 
polarization of the CMB. These micromachined 
silicon sensors are waveguide-coupled and employ 
Transition-Edge Sensing (TES) bolometers realized 
on a mono-crystalline silicon substrate. In the sen-
sor concept, radiation from the feedhorn is coupled 
onto superconducting microstrip circuitry using 
a planar ortho-mode transducer and subsequent-

Left: A CLASS 40-GHz-detector microwave circuit. 
Opposite probe antennas (center) couple to a common 
polarization on the sky once a waveguide and feedhorn 
are connected. The signal in each polarization is 
filtered to define the band before thermally coupling to 
a TES. Right: At top, a scanning electron micrograph 
image of one of the silicon legs that supports the TES 
membrane. Below, the rectangle at image center is the 
TES thermally-isolated membrane.
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variant density perturbations), but it relies on the 
extrapolation of physics to energies a trillion times 
above those accessible to direct experimentation 
in particle accelerators. PIPER will test inflation 
by measuring the polarization pattern in the CMB 
caused by a background of gravitational radiation 
created during an inflationary epoch. Such a signal 
is expected to exist, with observable amplitude and 
a unique spatial signature. Detection of the gravi-
ty-wave signature of inflation would have profound 
consequences for both cosmology and high-energy 
physics. It would establish inflation as a physical re-
ality, determine the relevant energy scale, and probe 
physics at energies near Grand Unification to pro-
vide direct observational input for a “final theory” of 
quantum mechanics and gravity.

PIPER achieves unprecedented sensitivity 
by combining several technologies pioneered by 
Goddard researchers.

Large-format bolometric detectors. PIPER 
will fly 5,120 transition-edge superconducting bo-
lometers in a Backshort-Under-Grid (BUG) archi-

The PIPER Variable-Delay Polarization Modulator. 
The polarizer uses 1.5 km of 36 mm diameter wire, held 
to 3-micron precision across a 40-cm aperture. The 
VPM operates at 1.5 K using simple linear translation 
of the reflective mirror.

ries such as Herschel and the James Webb Space 
Telescope, exploring the FIR wavelength range with 
unprecedented high angular resolution. These data 
will be powerful tools for understanding star forma-
tion in clusters, and with future flights, for under-
standing active galactic nuclei and the late stages of 
stellar evolution. In addition, the successful flight 
of BETTII will pave the way for future space inter-
ferometry, by validating key technologies and tech-
niques (such as wide-field interferometry). As dis-
cussed in the new Astrophysics Roadmap, “Enduring 
Quests, Daring Visions: NASA Astrophysics in the 
Next Three Decades,” interferometry will play a key 
role in the future of astrophysics, and BETTII is the 
first step toward realizing these ambitions.

The BETTII project is a collaboration between 
Goddard, the University of Maryland, and Cardiff 
University, with assistance from the Far-Infrared 
Telescope Experiment team in Japan. The 
BETTII team includes ASD scientists Rinehart, 
Barry, Benford, Fixsen, Bill Danchi, Johannes 
Staguhn, Robert Silverberg (Emeritus), as well 
as David Leisawitz (Science Proposal Support 
Office), Christine Jhabvala (Instrument Systems & 
Technology Division) and Lee Mundy (UMCP). The 
project also has had contributions from a UMCP 
graduate student (Maxime Rizzo) and a number 
of undergraduates from multiple institutions. 
Information on BETTII interns can be found on 
the BETTII website (http://asd.gsfc.nasa.gov/
bettii)

Primordial Inflation Polarization 
Explorer

The Primordial Inflation Polarization Explorer 
(PIPER) is a balloon-borne mission to measure the 
polarization of the cosmic microwave background 
(CMB) in search of the signature of primordial grav-
ity waves excited by an inflationary epoch in the ear-
ly universe. Kogut is the PI, and ASD team mem-
bers include Benford, Chuss, Fixsen, Lazear, Lowe, 
Mirel, Moseley, Sharp, Staguhn, Switzer, Weston, 
and Wollack. 

PIPER addresses fundamental questions at the 
intersection of physics and cosmology. Cosmology 
posits a period called inflation, shortly after the Big 
Bang, when the expansion of space-time accelerated 
dramatically to “inflate” the universe from subatom-
ic to macroscopic scales. Inflation neatly explains 
the initial conditions of Big Bang cosmology (a 
spatially flat, homogeneous universe with scale-in-

http://asd.gsfc.nasa.gov/bettii
http://asd.gsfc.nasa.gov/bettii
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tecture. By moving all wiring beneath the array, the 
BUG architecture allows efficient 2-dimensional til-
ing of the focal plane without any reflective elements 
that would reduce the optical efficiency. PIPER 
has produced its first 32 x 40 bolometer arrays for 
characterization. Similar arrays will be used in the 
GISMO, GISMO-2, and HAWC+ detectors and are 
potential candidates to fly on a future large mission 
(the Inflation Probe). 

A Variable-Delay Polarization Modulator (VPM) 
injects a time-dependent phase delay between or-
thogonal linear polarizations to cleanly separate 
polarized from unpolarized radiation. The fast (3 
Hz) modulation allows full characterization of the 
incident radiation into Stokes I, Q, U, and V param-
eters on time scales fast compared to instrument 
drifts or beam motion on the sky. Unlike half-wave 
plates (which modulate between the Stokes linear 
polarization parameters Q and U), the VPM modu-
lates between linear (Stokes Q) and circular (Stokes 
V) polarization. The sky at millimeter wavelengths 
is thought to have negligible circular polarization. 
By comparing the faint linear polarization to a null 
signal, the VPM mitigates most instrumental ar-
tifacts associated with the antenna beam patterns, 
enabling a significant reduction in the overall error 
budget. VPM development for PIPER complements 
technology development for the Inflation Probe. 

Fully cryogenic optics. PIPER’s twin tele-
scopes fit within the old ARCADE dewar and will 
operate at 1.5 K to provide background-limited sen-
sitivity. Maintaining all optical elements at 1.5 K or 
colder improves mapping speed by a factor of 10 
compared to ambient optics, allowing PIPER to use 
conventional (overnight) balloon flights instead of 
more challenging Antarctic operations.

PIPER’s use of conventional ballooning allows 
nighttime observations when the sun has set. This 
in turn allows the mission to rapidly scan large frac-
tions of the sky. By combining flights from Northern 
and Southern Hemisphere launch sites, PIPER can 
achieve nearly full-sky coverage. PIPER is the only 
balloon mission capable of observing on angular 
scales larger than 20°, where the inflationary signal 
is expected to be largest.

PIPER will map the sky in both linear and cir-
cular polarization, at wavelengths of 1500, 1100, 
850, and 500 mm (frequencies 200, 270, 350, and 
600 GHz). It will detect the signature of inflation-
ary gravity waves to a factor of 3 fainter than the 
lowest value predicted by inflationary models. The 
unbiased survey of submillimeter polarization will 

also provide an important probe of interstellar cir-
rus dust and the large-scale structure of the Galactic 
magnetic field and will be the first sky survey in cir-
cular polarization at these wavelengths. 

Awards

In 2013, numerous awards went to members of the 
Observational Cosmology Lab. 

Dale Fixsen won the NASA Exceptional Public 
Achievement Medal, which recognizes substantial 
improvement in operations, efficiency, service, fi-
nancial savings, science, or technology which con-
tributes to the mission of NASA. 

Harvey Moseley was honored with the SPIE 
George W. Goddard Award in recognition of his ex-
traordinary inventions of superconducting imaging 
arrays for astronomy, ranging from submillimeter 
bolometers to energy sensitive X-ray microcalo-
rimeters, and even dark matter detectors, as well 
as microshutter arrays for the James Webb Space 
Telescope near-infrared spectrometer. The award is 
given annually by SPIE, the international society of 
optics and photonics, in recognition of exceptional 
achievement in optical or photonic instrumentation 
for aerospace, atmospheric science, or astronomy. 

Stephen Rinehart accepted the Robert H. 
Goddard Mentoring Team award on behalf of the 
BETTII team, which was recognized for “providing 
consistent and excellent mentorship to undergrad-
uate students and hands-on engineering experience 
contributing to science.” Amber Straughn won the 
Goddard Award for Outreach for “outstanding lead-
ership in developing and operating the NASA JWST 
events at the South by Southwest Festival.” 

Jane Rigby’s efforts “promoting the inclusion 
of lesbian, gay, bisexual and transgender people at 
NASA and within professional astronomy” were rec-
ognized with the Goddard Award for Diversity and 
Equal Employment Opportunity. She was previous-
ly recognized in 2012 for work using gravitational 
lensing to map a distant galaxy in unprecedent-
ed detail, winning a Goddard Award for Scientific 
Achievement. Also winning the award that year 
was Eli Dwek, who was recognized for his new, de-
tailed, and observationally confirmed models of the 
formation, evolution, and destruction of cosmic 
dust grains, from supernovae to shock waves and 
star-forming regions. 
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New Faces

Jennifer Scott 

Jennifer joined ASD in 
September 2013 as a Senior 
NPP Fellow on a six-month 
appointment. She received her 
Ph.D. from the University of 
Arizona in 2002 and did post-
doctoral work at the Space 
Telescope Science Institute 
and at Goddard as a National 
Research Council Fellow. She 

is now back at Goddard while on sabbatical leave 
from Towson University, where she is an Associate 
Professor in the Department of Physics, Astronomy, 
and Geosciences. Jennifer’s research interests are 
the intergalactic medium and outflows from active 
galactic nuclei (AGN) and the environments of their 
host galaxies. She uses spectrograph data from the 
Hubble Space Telescope extensively in her work and 
is particularly focused on combining the spectra of 
AGN with ground-based imaging to characterize 
their environments and examine their relationship 
to the mechanism that fuels their supermassive 
black holes.

Chun Ly 

Chun received his M.Sc. and 
Ph.D. from the University of 
California, Los Angeles, for re-
search that focused on study-
ing galaxy evolution over the 
past 10 gigayears, under ad-
visor Prof. Matthew Malkan. 
After graduating, he was a 
Giacconi Postdoctoral Fellow 
at the Space Telescope Science 

Institute. He joined ASD’s Observational Cosmology 
Lab in October 2013 as an NPP Fellow. His primary 
research while at NASA is on the chemical enrich-
ment and evolution of galaxies over cosmic time. 
In particular, he is conducting a new optical and 
near-infrared spectroscopic survey of low-mass 
star-forming galaxies to provide new constraints on 
baryonic processes—star formation and gas flows—
that drive galaxy formation and evolution. Such ob-
servations are key to future missions, such as the 
James Webb Space Telescope, which aim to deter-
mine how galaxies formed, evolved, and enriched 
the cosmos. For his research, Chun utilizes six- to 

10-meter ground-based telescopes, which includes 
the MMT, Magellan, Subaru, and Keck. He plans 
to combine his ground-based work with high-res-
olution imaging from the Hubble Space Telescope 
to study the sites of star formation and the physical 
conditions of the interstellar medium in these “pri-
meval” galaxies.

Eric Switzer 

Eric earned his Ph.D. in phys-
ics at Princeton University, 
where he studied cosmo-
logical recombination of 
helium and was part of the 
team that built the Atacama 
Cosmology Telescope. After 
graduating, he became a 
postdoc at the Kavli Institute 
for Cosmological Physics 

and then at the Canadian Institute for Theoretical 
Astrophysics. At CITA, he analyzed the statistical 
distribution of matter when the universe was half its 
present size, using the 21 cm transition of neutral 
hydrogen and data acquired with the Green Bank 
Telescope. This required the development of new 
methods to handle foregrounds that are 1,000 times 
larger than the cosmological signal. His research 
relates observations of diffuse cosmic background 
radiation to models of our universe at large. Eric ar-
rived at Goddard in August 2013 as a new civil ser-
vant and has joined the PIPER collaboration. PIPER 
is a balloon-borne CMB polarimeter designed to 
measure the traces of gravitational waves in the ear-
ly universe. He is excited to be part of the Goddard 
cosmology community and looks forward to future 
missions like PIXIE and WFIRST.

Omid Noroozian 

Omid earned his Ph.D. in 2012 
at the California Institute of 
Technology, where he worked 
with Jonas Zmuidzinas, Chief 
Technologist at JPL, on de-
veloping superconducting 
microresonator detector ar-
rays for submillimeter and 
far-infrared imaging with the 
Cerro Chajnantor Atacama 

Telescope. After graduation he moved to Boulder, 
Colorado, where he worked as a postdoc with Joel 
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Ullom and Kent Irwin at the Quantum Sensors 
Group at the National Institute of Standards and 
Technology. While there, he demonstrated for 
the first time high-resolution gamma-ray/X-ray 
spectroscopy using microwave SQUID multi-
plexing readout of transition-edge sensor arrays. 
Omid joined ASD as an NPP Fellow in July 2013 
to work with Harvey Moseley in the Observational 
Cosmology Laboratory. He is currently working as 
part of a team to develop an ultra-miniature on-chip 
spectrometer for submillimeter photon counting 
with a cold telescope in space. His research involves 
all aspects of the instrument including developing 
ultrasensitive superconducting resonator detectors 
and the supporting readout technology. He is also 
collaborating with the X-ray calorimeter group to in-
corporate a microwave SQUID multiplexing readout 
in X-ray calorimeters. Through his work, he hopes 
to improve and scale NASA’s astrophysics detector 
array technologies to the next generation. 
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ExoPlanets and  
Stellar Astrophysics Laboratory

Dr. Karl Stapelfeldt
Lab Chief

Laboratory Overview

The Exoplanets and Stellar Astrophysics Laboratory 
(Code 667) studies the formation and evolution 
of stars and planetary systems using advanced 
telescopes and theoretical techniques. Laboratory 
staff support both the Hubble Space Telescope 
and the James Webb Space Telescope projects 
and are developing new instrument and space 
mission concepts toward the goal of searching for 
habitable exoplanets around nearby stars. Key 
areas of research include exoplanet imaging, studies 
of protoplanetary and debris disks, ultraviolet 
astrophysics, and numerical modeling of planetary 
system evolution. In addition to the civil service 
staff, the laboratory contains 28 contract scientists, 
post docs, and graduate students.

Staff List

Scientist Research Interest Project/Mission Role/Affiliation
Richard Barry Exoplanet microlensing, 

instrumentation
WIRST-AFTA Study Scientist

Charles Bowers Instrumentation JWST JWST Deputy Observatory 
Project Scientist

Kenneth Carpenter Stellar ultraviolet 
spectroscopy

HST
WFIRST-AFTA

Operations Project Scientist
Study Scientist

Mark Clampin Exoplanetary systems, 
instrumentation

JWST, TESS JWST Observatory Project 
Scientist, TESS mission co-I

William Danchi Infrared interferometry, 
exoplanets

LBTI LBTI science team

Daniel Gezari Infrared instrumentation Emeritus Emeritus

Theodore Gull Ultraviolet spectroscopy, 
massive stars

HST HST/STIS Deputy PI

Sara Heap Ultraviolet spectroscopy, 
exoplanets

HST HST/COS Science Team

Randy Kimble Instrumentation JWST
HST

JWST Integration and Test 
Project Scientist, HST/WFC3 
instrument scientist

Marc Kuchner Circumstellar disk theory, 
coronagraphy, exoplanets

WFIRST-AFTA
Exo-S

Study Scientist
Exo-S STDT

Richard Lyon Coronagraphy, wavefront 
control, interferometry

Coronagraph technology 
development
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Science Highlights

Lowest-mass Exoplanet Imaged 
Around a Sun-like Star

Michael McElwain and Carol Grady of the 
Exoplanets and Stellar Astrophysics Laboratory 
were part of an international team of astronomers 

led by Dr. Masayuki Kuzuhara (Tokyo Institute of 
Technology) that discovered a giant planet around 
the bright star GJ 504 using infrared data from the 
Subaru Telescope in Hawaii. At several times the 
mass of Jupiter and similar in size, the new exo-
planet, named GJ 504 b, is the lowest-mass planet 
ever detected around a star like the sun using direct 
imaging techniques.

Glowing a dark magenta, the newly discovered exoplanet GJ 504b—illustrated here in an artist’s depiction—
weighs in at about four times Jupiter’s mass, making it the lowest-mass planet ever directly imaged around a star 
like the sun. Credit: NASA’s Goddard Space Flight Center/S. Wiessinger

Scientist Research Interest Project/Mission Role/Affiliation
Michael McElwain Exoplanetary systems, integral 

field spectroscopy
WFIRST-AFTA
Exo-C
JWST

Study Scientist
Exo-C STDT
JWST Deputy Observatory 
Project Scientist
NASA Roman Tech Fellow

Malcolm Niedner Cometary plasmas JWST JWST Deputy Senior Project 
Scientist – Technical

Aki Roberge Circumstellar disk 
observations, exoplanets

WFIRST-AFTA
Exo-S
LBTI

Study Scientist
Exo-S STDT 
LBTI Science Team
NASA Astrophysics Roadmap

Karl Stapelfeldt Circumstellar disk 
observations, exoplanets

Exo-C
LBTI

Exo-C STDT Chair
LBTI Science Team

Allen Sweigart Stellar interior modeling Emeritus

Jennifer Wiseman Star formation HST HST Senior Project Scientist

Bruce Woodgate Ultraviolet detectors, integral 
field spectroscopy

HST/STIS PI Emeritus
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While direct imaging is arguably the most im-
portant technique for observing planets around oth-
er stars, it is also the most challenging due to the 
extreme contrast between the exoplanet and its host 
star, in this case 10-6, and small angular separations 
on the sky. Direct imaging of an exoplanet enables 
observations of the planet’s projected separation 
and spectrum, which can be used to infer its mass 
and atmospheric properties such as temperatures, 
composition, structure, and dynamics. 

GJ 504 b is about four times more massive than 
Jupiter and has an effective temperature of about 
237 C. This exoplanet is much bluer than other im-
aged planets, which suggests that its atmosphere 
has fewer clouds. It orbits the G0-type star GJ 504, 

which is slightly hotter than the sun and is faintly 
visible to the unaided eye in the constellation Virgo. 
The system lies 57 light-years away and the team es-
timates an age of about 160 million years based on 
methods that link the star’s color and rotation peri-
od to its age. 

GJ 504 b orbits its star at nearly nine times the 
distance Jupiter orbits the sun, which poses a chal-
lenge to theoretical ideas of how giant planets form. 
According to the most widely accepted theory, called 
the core-accretion model, Jupiter-like planets get 
their start in the gas-rich debris disk that surrounds 
a young star. A core produced by collisions among 
asteroids and comets provides a seed, and when this 
core reaches sufficient mass, its gravitational pull 

This composite merges Subaru images of GJ 504 using two near-infrared wavelengths (orange, 1.6 micrometers, 
taken in May 2011; blue, 1.2 micrometers, April 2012). Once processed to remove scattered starlight, the images 
reveal GJ 504b. Credit: NASA’s Goddard Space Flight Center/NAOJ
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rapidly attracts gas from the disk to form the planet. 
While this model works fine for planets out to where 
Neptune orbits, about 30 AU, it’s more problematic 
for more distant planets. GJ 504 b lies at a projected 
distance of 43.5 AU from its star; the actual distance 
depends on how the system tips to our line of sight, 
which is not precisely known. The discovery sug-
gests a different mechanism may be responsible for 
its formation, possibly disk fragmentation or gravi-
tational instability.

The research is part of the Strategic Explorations 
of Exoplanets and Disks with Subaru (SEEDS), 
a project to directly image exoplanets and 
protoplanetary disks around several hundred 
nearby stars using the Subaru Telescope. The five-
year project began in 2009 and is led by Motohide 
Tamura at the National Astronomical Observatory 
of Japan (NAOJ). 

Herschel completes major debris 
disk survey 

The European Space Agency’s Herschel Space 
Observatory successfully completed its science mis-
sion in May 2013, when its liquid helium coolant 
was exhausted. Goddard scientists have been in-
volved in numerous Herschel observing projects, in-
cluding two Key Projects for which summary results 
were reported in 2013. 

DUNES (DUst around NEarby Stars) used the 
PACS photometer to survey a sample of 133 near-
by, solar-type stars for far-infrared excess emission 
from a circumstellar disk. Twenty percent of these 
targets were found to have cool dust in exo-Kuiper 
belts. The Herschel/DUNES results surpass earlier 
Spitzer work by detecting fainter disks, finding a 
significantly higher disk frequency, and by spatial-
ly resolving the disk diameters in roughly half the 
targets. The DUNES survey shows that exo-Kuiper 
belts come in a range of sizes and dust content com-
parable to or greater than that of the sun’s. Code 
667 scientists Bill Danchi, Aki Roberge, and Karl 
Stapelfeldt participated in this work as members of 
the DUNES science team.

GASPS (GAs Survey of Protoplanetary Systems) 
used the PACS instrument to survey 250 young stars 
for atomic oxygen emission and explore its relation-
ship to disk dust content. The gas detection statis-
tics show half of stars younger than 4 million years 
possess gas disks, as expected. The detection rate 
becomes very small for stars aged 5 to 10 million 
years, and there are no detections at all around stars 
older than 10 million years. These results define the 

dissipation timescale for gas in a protoplanetary 
disk and thus are an important constraint on plan-
et formation models. Code 667 members Danchi, 
Roberge, and Carol Grady participated in this work 
as members of the GASPS science team.

Projects in Operation

The Hubble Space Telescope 
(HST)

Hubble’s science return continued to soar in 2013. 
The Hubble Project maintained support for a full 
suite of science instruments, including the Wide 
Field Camera 3 (WFC3) developed at Goddard and 
the Cosmic Origins Spectrograph (COS), both in-
stalled in the most recent servicing mission, as well 
as the older Advanced Camera for Surveys (ACS), 
the Space Telescope Imaging Spectrograph (STIS), 
and the Fine Guidance Sensor (FGS), which can be 
used for some astrometric observations. 

Hubble scientists are continuing to develop new, 
creative ways of pushing the frontiers of discovery 
with HST. A major goal for Hubble before its launch 
was the determination of the Hubble constant, 
uncertain then by nearly 50 percent. With sensitive 
measurements enabled by the WFC3, we now know 
this value to be 73.8 ± 2.4 km/s/Mpc, a precision 

This Herschel PACS image at a wavelength of 100 
microns reveals the far-infrared dust ring around HD 
207129 (white cross), from J. P. Marshall et al. (2011). 
North is up, east is left and the scale bar corresponds 
to 160 AU
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of 3.3 percent. A new scanning technique developed 
for use this year with the FGS and WFC3 will 
enable a 1-percent precision measurement of the 
Hubble constant within the next two years, allowing 

tighter constraints on dark energy and related  
cosmological parameters. 

Hubble is expanding the cosmic frontier further 
with a multi-year Frontier Fields observing cam-

Hubble imaged a “Horsehead of a different color” by producing this spectacular ethereal infrared image using 
the Wide-field Camera 3, developed at Goddard. The image was released in April 2013 to celebrate Hubble’s 
23rd anniversary. Credit: NASA, ESA, and the Hubble Heritage Team (STScI/AURA)



70	 Astroparticle Physics Laboratory

Annual Report 2013	 Astrophysics Science Division

paign that began this year. Taking advantage of its 
exquisite imaging and the natural magnification due 
to gravitational lensing by massive galaxy clusters, 
Hubble is observing previously unseen populations 
of galaxies and mapping dark matter, reaching 
galaxies with intrinsic luminosities 10–100 times 

fainter than those detected in the Hubble Ultra 
Deep Field. Synergistic observations with Spitzer, 
Chandra, and other observatories will maximize 
the scientific potential of these observations and es-
tablish a multiwavelength legacy for these fields in 
preparation for JWST.

This galaxy, detected in Hubble’s Cosmic Assembly Near-infrared Deep Extragalactic Legacy Survey (CANDELS), 
was then studied with the Keck telescope in Hawaii to measure its redshift precisely using spectroscopy. Seen 
from a time just 700 million years after the Big Bang, this redshift 7.51 galaxy is at the farthest distance ever 
confirmed. Credit: NASA, ESA, V. Tilvi (Texas A&M Univ.), S. Finkelstein (Univ. of Texas, Austin), and C. 
Papovich (Texas A&M Univ.)
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Cosmic distances were probed with Hubble this 
year by spotting the farthest supernova ever detect-
ed (at a redshift of 1.9, exploding 10 billion years 
ago), and by finding a galaxy with the farthest dis-
tance ever confirmed spectroscopically, at a redshift 
of 7.5 (i.e., seen from when the universe was just 

5  percent of its current age). Closer to home, in a 
very exciting detection, Hubble found what is like-
ly to be water vapor venting off of the jovian moon 
Europa. Hubble also tracked incoming comet ISON, 
and an asteroid sprouting six comet-like tails. 

This graphic shows the location of water vapor plumes detected by HST over Europa’s south pole. While Hubble 
didn’t image the plumes, it spectroscopically detected auroral emissions from oxygen and hydrogen with the 
STIS instrument, which was repaired during Servicing Mission 4. Credit: NASA, Voyager and Galileo (Europa 
image), ESA, and L. Roth (Southwest Research Institute and Univ. of Cologne, Germany)
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The Project Science Office for HST at Goddard 
continued its science leadership with ASD scientists 
Jennifer Wiseman as Senior Project Scientist, 
Kenneth Carpenter as Operations Project Scientist, 
Patricia (Padi) Boyd as Deputy Operations Project 
Scientist, and Jeffrey Kruk as Observatory Project 
Scientist. Project Scientists worked with Goddard 
Project Management and engineering teams as well 
as STScI science and technical staff throughout 
the year on issues ranging from oversight of the 
telescope proposal selection and time-allocation 
reviews to technical status meetings. After more 
than two decades of successful operations, the 
HST Project, including the Project Science Office, 
convened a Review Board in the summer of 2013 
to look proactively at improvements that could 
be made to ensure continued mission success in 
the coming years. The Review Board found that 
the processes for conducting development and 
operations both at STScI and Goddard appear to be 
generally sound, resulting in the overall high success 
rate for conducting operations.

Large Binocular Telescope 
Interferometer (LBTI)

LBTI is a NASA-funded instrument deployed on the 
twin 8m telescope on Mount Graham in Arizona. 
LBTI operates at 10 μm, nulling out the starlight 

Hubble tracked incoming Comet ISON (C/2012 S1) 
throughout 2013 as it dramatically brightened on 
its trek toward the sun. Credit: NASA, ESA, J.-Y. Li 
(Planetary Science Institute), and the Hubble Comet 
ISON Imaging Science Team

to reveal any extended emission from exozodiacal 
dust. In December 2013, LBTI achieved its first on-
sky measurements with stabilized fringes, setting 
the stage for science results in 2014. In Code 667, 
Danchi, Roberge, and Stapelfeldt are members of 
the LBTI exozodi Key Science Team.

Projects in Development

James Webb Space Telescope 

The James Webb Space Telescope (JWST) is a large 
(6.5m), cold (50K), facility-class, general-purpose 
observatory that will be launched into orbit around 
the Sun-Earth L2 point. It is the successor to the 
Hubble and Spitzer space telescopes. A summary of  
the JWST Project is reported in the Observational 
Cosmology Lab (665) section and includes par-
ticipation by Code 667 members Bowers, Clampin, 
Kimble and Niedner.

Transiting Exoplanet Survey 
Satellite (TESS)

TESS is an Explorer mission that was selected for de-
velopment in 2013. Upon its 2017 launch, TESS will 
conduct a two-year all-sky survey for short-period 
transiting planets around several hundred thousand 
bright (V= 4–12) stars. In conjunction with ground-
based follow-up, TESS will determine the exoplanet 
mass-radius relation and identify the best targets 
for transit spectroscopy with JWST. Goddard man-
ages the mission development for mission PI George 
Ricker at MIT. Code 660 involvement includes 
Project Scientist Stephen Rinehart and mission sci-
ence co-Is Rinehart and Mark Clampin.

Mission and Instrument 
Concepts

Wide Field InfraRed Survey 
Telescope-Astrophysics Focused 
Telescope Assets (WFIRST-AFTA)
The Astro 2010 report New Worlds, New Horizons 
(NWNH), released August 13, 2010, selected the 
Wide-Field Infrared Survey Telescope (WFIRST) as 
the top priority for large space missions in the com-
ing decade. This mission combines dark energy sci-
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now in pre-Phase A study, and NASA Headquarters 
designated Goddard as the lead center for managing 
the project. 

ence with observing programs to obtain a census of 
exoplanets by means of microlensing and to obtain 
a wide range of near-infrared surveys. WFIRST is 

ASD outreach: Visitors learn about JWST during Maryland Day at the University of Maryland 
College Park from JWST Observatory Manager Keith Parrish (Code 443) on April 27, 2013. 
Credit: NASA/Goddard Space Flight Center/Pat Izzo

This figure illustrates many features of the 2.4m WFIRST-AFTA observatory presently under study: recloseable 
aperture doors, solar array/sunshield, one of two instrument radiators, spacecraft bus, and one of the two 
deployed gimbaled Ka-band antennas. The instruments and spacecraft bus modules are flight serviceable.
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The availability of two 2.4m telescopes from the 
National Reconnaissance Office (NRO) for use by 
NASA was announced in mid-2012, and an infor-
mal workshop on the use of these telescopes was 
held at Princeton in early September. Both ASD’s 
Neil Gehrels and Jeffrey Kruk presented at the 
workshop, which resulted in a whitepaper (http://
arxiv.org/pdf/1210.7809v2.pdf). A Science 
Definition Team was appointed by NASA HQ in 
October 2012 to investigate use of an NRO telescope 
for WFIRST (the Astrophysics-Focused Telescope 
Assets, or AFTA, concept). Gehrels and David 
Spergel of Princeton are the co-chairs. The SDT 
charter included consideration of a coronagraph in-
strument in addition to the baseline wide-field NIR 
survey instrument. The SDT released its first report 
(http://wfirst.gsfc.nasa.gov/science/sdt_
public/WFIRST-AFTA_SDT_Final_Report_
Rev1_130523.pdf) in April 2013, which described 
how AFTA would improve upon the prior mission 
concepts for the core scientific objectives laid out 
in NWNH and enable compelling new science pro-
grams that would not be possible with the earlier 
designs. Based in part on the results of this study, 
the NASA Administrator approved continued devel-
opment of the AFTA concept for WFIRST.

 In the fall of 2013, an intensive series of work-
shops was held to evaluate potential concepts for 
a coronagraph instrument on WFIRST. The rec-
ommendation arising from this study, accepted 
by NASA HQ, was to develop an Occulting Mask 
Coronagraph (OMC) for the baseline design, which 
would include sets of masks to enable selection of 
either a shaped pupil or hybrid Lyot configuration. 
An alternative architecture, the Phase-Induced 

Focal plane high-contrast regions for 4 Data Collection Events (DCE). The central core (dark circle) is masked 
to compress the image range for display. The open red circle on the lower left panel shows a 1- λ /D diameter 
mask centered on -2 λ/D – this is the region over which that the contrast and its statistics are calculated for this 
milestone and the region for which the control modes are most concentrated.

Amplitude Apodization coronagraph, will be devel-
oped in parallel; this concept offers the possibility of 
higher performance than the OMC but is technical-
ly less mature. A final selection will be made at the 
conclusion of the study.

The WFIRST Project science team at Goddard 
includes Neil Gehrels (Project Scientist), Jeffrey 
Kruk (Instrument Scientist), John Baker, Rich 
Barry, Ken Carpenter, Brad Cenko, Marc Kuchner, 
Mike McElwain, Debbie Padgett, Andy Ptak, Bernie 
Rauscher, Aki Roberge, Amber Straughn, Eric 
Switzer, and Ed Wollack. This team joined the en-
gineers from the Project Office in working with 
the SDT to study the implementation of WFIRST. 
Gehrels and Rauscher are members of the SDT. The 
Mission Project Office is at Goddard, supported by 
telescope and coronagraph teams at JPL.

Visible Nulling Coronagraph

The Visible Nulling Coronagraph (VNC) is a 
hybrid coronagraphic/interferometric approach 
to detecting and characterizing exoplanets. The 
Goddard VNC laboratory test bed achieved 5.5 x 10-9 
± 8 x 10-11 contrast at an inner working angle of two 
optical resolution elements, i.e., 2 λ/D. This is the 
deepest contrast of any nulling interferometer and 
simultaneously at the smallest angular separation. 
These results were initially reported at a SPIE 
conference, subsequently reviewed and accepted by 
the Exoplanet TAC and published in “Visible Nulling 
Coronagraph Technology Maturation: High Contrast 
Imaging and Characterization of Exoplanets, Final 

http://arxiv.org/pdf/1210.7809v2.pdf
http://arxiv.org/pdf/1210.7809v2.pdf
http://wfirst.gsfc.nasa.gov/science/sdt_public/WFIRST-AFTA_SDT_Final_Report_Rev1_130523.pdf
http://wfirst.gsfc.nasa.gov/science/sdt_public/WFIRST-AFTA_SDT_Final_Report_Rev1_130523.pdf
http://wfirst.gsfc.nasa.gov/science/sdt_public/WFIRST-AFTA_SDT_Final_Report_Rev1_130523.pdf
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Report to NASA Technical Advisory Committee”  
in 2013.

The next steps are (i) to increase the spectral 
bandwidth from 1.2 nm to 40 nm as part of the 
ongoing SAT/TDEM, and to ultimately increase the 
bandwidth to >100 nm FWHM, and, (ii) to increase 
the high control field-of-view (aka, dark hole) such 
that entire solar systems and dust/debris disks can 
be seen and characterized all at once. The FY14 VNC 
efforts are primarily concentrated on increasing the 
spectral bandwidth through the design, fabrication, 
and assembly of Achromatic Phase Shifters (APS). 
As part of the FY12/13 SAT the VNC team designed 
custom APS that are will be undergoing fabrication 
and coating using IRAD funds. Additionally a new 
NPP postdoc will lead both the fabrication and  
test effort.

A phase-occultation VNC (PO-VNC) would 
decrease the sensitivity to telescope misalignment 
and instability and increase the field of view. The 
fabrication of optics for the PO-VNC are funded 
under Goddard FY14 IRAD and a TDEM will also 
be submitted for this work. The PO-VNC allows 
wider field-of-view high-contrast imaging with 
no moving components. Increasing the spectral 
bandwidth is necessary for the spectroscopy needed 
for exoplanet characterization. Increasing the high-
contrast field-of-view and decreasing the sensitivity 
to telescope instability allows more exoplanets to 
be characterized and/or less stressing tolerances on 
the telescope design.

Exoplanet Direct Imaging Probe 
Mission Studies (Exo-C and 
Exo-S)
In spring 2013, NASA chartered two mission studies 
in the $1 billion class to serve as lower-cost alter-
natives to WFIRST-AFTA. NASA HQ selected four 
members of Code 667 to serve on the study Science 
and Technology Definition Teams: Stapelfeldt 
(chair) and McElwain for the Exo-C coronagraph 
and Kuchner and Roberge for the Exo-S starshade. 
Both teams met three times to develop their science 
case and conduct trade studies on mission designs, 
working in conjunction with engineering teams at 
the Jet Propulsion Laboratory. Interim reports will 
be presented to NASA HQ in spring 2014, with final 
reports in early 2015.

Technology Development

Prototype Imaging Spectrograph 
for Coronagraphic Exoplanet 
Studies (PISCES)
Development of a high-contrast optical integral 
field spectrograph was initiated in mid-2013 when 
McElwain’s proposal was selected. PISCES will be 
integrated at Goddard and delivered to the JPL 
High Contrast Imaging Testbed in 2015. It is a 
prototype of the backend instrument selected for 
the AFTA coronagraph and is expected to fly on 
a future New Worlds exoplanet imager. PISCES  
will demonstrate technical readiness for this 
instrument type and serve as a diagnostic tool for 
broad-band coronagraphy.

Ultraviolet Detectors

With support from NASA APRA, Bruce Woodgate, 
Tim Norton, George Hilton, and Joe Stock are de-
veloping a detector concept that combines high 
quantum efficiency photocathode materials, mag-
netic focusing of the photoelectrons, and a CMOS 
readout in 2K × 2K format.

Awards

In 2013, Bruce Woodgate won NASA’s Distinguished 
Service Medal, the agency’s highest form of recogni-
tion, awarded for individual achievements or con-
tributions that have a profound impact on NASA 
mission success. The previous year he had won the 
Robert H. Goddard Award of Merit in 2012 “for ex-
ceptional career achievements in science and service 
to Goddard and NASA.”

The agency also recognized the work of Mark 
Clampin with the 2013 Exceptional Achievement 
Medal, awarded to any Government employee for a 
significant, specific achievement or substantial im-
provement in operations, efficiency, service, finan-
cial savings, science, or technology which contrib-
utes to the mission of NASA.

The 2013 Goddard Honor Awards for Science 
went to Aki Roberge “for excellence in original re-
search on exoplanets and planet formation, and 
strategic service to NASA astrophysics” and to 



76	 Astroparticle Physics Laboratory

Annual Report 2013	 Astrophysics Science Division

New Faces 
Christopher Stark 

Christopher first arrived at 
Goddard in 2005 as a NASA 
GSRP Fellow, and has recent-
ly returned as an NPP fellow. 
After graduating with a Ph.D. 
in physics from the University 
of Maryland in 2010, Chris 
spent three years as a Carnegie 
Fellow at the Department of 
Terrestrial Magnetism. Chris’ 

work spans a wide range of interests, from exo-
planet detection and debris disk studies to theo-
retical dust dynamics and future mission planning. 
Working with Roberge, Chris has created the Design 
Reference Mission simulator for the ATLAST mis-
sion concept and developed methods to increase the 
yield of extrasolar Earth-like planets. At Goddard, 
Chris will continue to help define the ATLAST mis-
sion design, constrain the composition of extrasolar 
planetesimals in resolved nearby debris disks, and 
investigate the impact of interplanetary dust struc-
tures on future exoplanet imaging missions.

Charles Bowers “for contributions to the scientific 
performance of the James Webb Space Telescope.”

NASA established the Nancy Grace Roman 
Technology Fellowship in Astrophysics in 2011 to 
foster new talent by putting early-career instrument 
builders on a trajectory toward long-term positions. 
The Roman Fellowship is structured into three com-
ponents. The first is an initial one-year Concept 
Study to generate the detailed plans and commit-
ments for developing the proposed astrophysics 
technology. The final report from the Concept Study, 
due nine months after the start of the award, will be 
peer reviewed to select Fellows to continue in a four-
year Development Effort that will implement the 
study plans.  Finally, an opportunity is available to 
Fellows in the four-year Development Effort to apply 
for start-up funds when they obtain a tenure-track, 
permanent civil service or equivalent position. Code 
667’s Michael McElwain was among three scientists 
selected for a concept study in the first year of the 
award. NASA Headquarters evaluated the propos-
als in 2013 and selected his integral field spectro-
graph project, named PISCES, for development and 
ultimate deployment on the High Contrast Imaging 
Testbed at JPL. The instrument will lay the ground 
work for a similar space-based capability to charac-
terize exoplanetary atmospheres.



Astroparticle Physics Laboratory	 77

Astrophysics Science Division	 Annual Report 2013

Publications
Observation of Cosmic-Ray Anisotropy with the IceTop Air Shower Array. Aartsen, M. G., Abbasi, R., 

Abdou, Y., et al. Astrophys. J. 765, 55

Enhanced sensitivity of the LIGO gravitational wave detector by using squeezed states of light. Aasi, J., 
Abadie, J., Abbott, B. P., et al. Nature Photonics 7, 613

Search for gravitational waves from binary black hole inspiral, merger, and ringdown in LIGO-Virgo data 
from 2009–2010. Aasi, J., Abadie, J., Abbott, B. P., et al. Phys. Rev. D 87, 022002

Parameter estimation for compact binary coalescence signals with the first generation gravitational-wave 
detector network. Aasi, J., Abadie, J., Abbott, B. P., et al. Phys. Rev. D 88, 062001

Einstein@Home all-sky search for periodic gravitational waves in LIGO S5 data. Aasi, J., Abadie, J., Abbott, 
B. P., et al. Phys. Rev. D 87, 042001

Directed search for continuous gravitational waves from the Galactic center. Aasi, J., Abadie, J., Abbott, B. 
P., et al. Phys. Rev. D 88, 102002

All-particle cosmic ray energy spectrum measured with 26 IceTop stations. Abbasi, R., Abdou, Y., Abu-
Zayyad, T., et al. Astroparticle Phys. 44, 40

Searches for High-energy Neutrino Emission in the Galaxy with the Combined ICECUBE-AMANDA 
Detector. Abbasi, R., Abdou, Y., Ackermann, M., et al. Astrophys. J. 763, 33 

Cosmic ray composition and energy spectrum from 1-30 PeV using the 40-string configuration of IceTop 
and IceCube. Abbasi, R., Abdou, Y., Ackermann, M., et al. Astroparticle Phys. 42, 15 

The Second Fermi Large Area Telescope Catalog of Gamma-Ray Pulsars. Abdo, A. A., Ajello, M., Allafort, A., 
et al. Astrophys. J. Suppl. Ser. 208, 17

Measurement of the extragalactic background light imprint on the spectra of the brightest blazars observed 
with H.E.S.S. Abramowski, A., Acero, F., Aharonian, F., et al. Astron. Astrophys. 550, A4

HESS and Fermi-LAT discovery of γ-rays from the blazar 1ES 1312-423. Abramowski, A., Acero, F., 
Aharonian, F., et al. MNRAS 434, 1889 

Constraints on the Galactic Population of TeV Pulsar Wind Nebulae Using Fermi Large Area Telescope 
Observations. Acero, F., Ackermann, M., Ajello, M., et al. Astrophys. J. 773, 77

Hunting for Treasures among the Fermi Unassociated Sources: A multiwavelength Approach. Acero, F., 
Donato, D., Ojha, R., et al. Astrophys. J. 779, 133

A new nearby pulsar wind nebula overlapping the RX J0852.0-4622 supernova remnant. Acero, F., Gallant, 
Y., Ballet, J., et al. Astron. Astrophys. 551, A7

The Fermi All-sky Variability Analysis: A List of Flaring Gamma-Ray Sources and the Search for Transients 
in Our Galaxy. Ackermann, M., Ajello, M., Albert, A., et al. Astrophys. J. 771, 57

Search for gamma-ray spectral lines with the Fermi Large Area Telescope and dark matter implications. 
Ackermann, M., Ajello, M., Albert, A., et al. Phys. Rev. D 88, 082002

Determination of the Point-spread Function for the Fermi Large Area Telescope from On-orbit Data and 
Limits on Pair Halos of Active Galactic Nuclei. Ackermann, M., Ajello, M., Allafort, A., et al. Astrophys. 
J. 765, 54

The First Fermi-LAT Catalog of Sources above 10 GeV. Ackermann, M., Ajello, M., Allafort, A., et al. 
Astrophys. J. Suppl. Ser. 209, 34

Erratum: Fermi Large Area Telescope Study of Cosmic-Rays and the Interstellar Medium in Nearby 
Molecular Clouds. Ackermann, M., Ajello, M., Allafort, A., et al. Astrophys. J. 778, 82
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Detection of the Characteristic Pion-Decay Signature in Supernova Remnants. Ackermann, M., Ajello, M., 
Allafort, A., et al. Science 339, 807

The First Fermi-LAT Gamma-Ray Burst Catalog. Ackermann, M., Ajello, M., Asano, K., et al. Astrophys. J. 
Suppl. Ser. 209, 11

Multiwavelength Observations of GRB 110731A: GeV Emission from Onset to Afterglow. Ackermann, M., 
Ajello, M., Asano, K., et al. Astrophys. J. 763, 71

Erratum: Constraints on the Cosmic-Ray Density Gradient beyond the Solar Circle from Fermi γ-Ray 
Observations of the Third Galactic Quadrant. Ackermann, M., Ajello, M., Baldini, L., et al. Astrophys. 
J. 772, 154

Associating Long-term γ-Ray Variability with the Superorbital Period of LS I +61°303. Ackermann, M., 
Ajello, M., Ballet, J., et al. Astrophys. J. Lett. 773, L35

A first search for coincident gravitational waves and high energy neutrinos using LIGO, Virgo and ANTARES 
data from 2007. Adrián-Martínez, S., Samarai, I. Al, Albert, A., et al. J. Cosmology and Astro-Particle 
Phys. 6, 8

Planar waveguide integrated spatial filter array. Ai, Jun, Dimov, Fedor, Lyon, Richard, et al. SPIE Conf. Ser. 
8864

Long-term multiwavelength studies of high-redshift blazar 0836+710. Akyuz, A., Thompson, D. J., Donato, 
D., et al. Astron. Astrophys. 556, A71

The simultaneous low state spectral energy distribution of 1ES 2344+514 from radio to very high energies. 
Aleksić, J., Antonelli, L. A., Antoranz, P., et al. Astron. Astrophys. 556, A67

The NuSTAR Extragalactic Survey: A First Sensitive Look at the High-energy Cosmic X-ray Background 
Population. Alexander, D. M., Stern, D., Del Moro, A., et al. Astrophys. J. 773, 125

Multiwavelength Observations and Modeling of 1ES 1959+650 in a Low Flux State. Aliu, E., Archambault, 
S., Arlen, T., et al. Astrophys. J. 775, 3

Long Term Observations of B2 1215+30 with VERITAS. Aliu, E., Archambault, S., Arlen, T., et al. Astrophys. 
J. 779, 92

Discovery of TeV Gamma-Ray Emission toward Supernova Remnant SNR G78.2+2.1. Aliu, E., Archambault, 
S., Arlen, T., et al. Astrophys. J. 770, 93

Discovery of TeV Gamma-Ray Emission from CTA 1 by VERITAS. Aliu, E., Archambault, S., Arlen, T., et al. 
Astrophys. J. 764, 38

Multiwavelength Observations of the TeV Binary LS I +61° 303 with VERITAS, Fermi-LAT, and Swift/XRT 
during a TeV Outburst. Aliu, E., Archambault, S., Behera, B., et al. Astrophys. J. 779, 88

PSR J2021+4026 in the Gamma Cygni Region: The First Variable γ-Ray Pulsar Seen by the Fermi LAT. 
Allafort, A., Baldini, L., Ballet, J., et al. Astrophys. J. Lett. 777, L2

NuSTAR Observations of Magnetar 1E 1841–045. An, Hongjun, Hascoët, Romain, Kaspi, Victoria M., et al. 
Astrophys. J. 779, 163

The transient gravitational-wave sky. Andersson, Nils, Baker, John, Belczynski, Krzystof, et al. Class. 
Quantum Gravity 30, 193002

Discovery of a New TeV Gamma-Ray Source: VER J0521+211. Archambault, S., Arlen, T., Aune, T., et al. 
Astrophys. J. 776, 69

VERITAS Observations of the Microquasar Cygnus X-3. Archambault, S., Beilicke, M., Benbow, W., et al. 
Astrophys. J. 779, 150

Rapid TeV Gamma-Ray Flaring of BL Lacertae. Arlen, T., Aune, T., Beilicke, M., et al. Astrophys. J. 762, 92
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SEDS: The Spitzer Extended Deep Survey. Survey Design, Photometry, and Deep IRAC Source Counts. 
Ashby, M. L. N., Willner, S. P., Fazio, G. G., et al. Astrophys. J. 769, 80

The Ultraluminous X-ray Sources NGC 1313 X-1 and X-2: A Broadband Study with NuSTAR and XMM-
Newton. Bachetti, Matteo, Rana, Vikram, Walton, Dominic J., et al. Astrophys. J. 778, 163

Concept study X-ray testing for NICER’s X-ray concentrators. Balsamo, Erin, Gendreau, Keith, Arzoumanian, 
Zaven, et al. SPIE Conf. Ser. 8861

Pulsar searches of Fermi unassociated sources with the Effelsberg telescope. Barr, E. D., Guillemot, L., 
Champion, D. J., et al. MNRAS 429, 1633 2

The X-ray Star Formation Story as Told by Lyman Break Galaxies in the 4 Ms CDF-S. Basu-Zych, Antara R., 
Lehmer, Bret D., Hornschemeier, Ann E., et al. Astrophys. J. 762, 45

Evidence for Elevated X-ray Emission in Local Lyman Break Galaxy Analogs. Basu-Zych, Antara R., Lehmer, 
Bret D., Hornschemeier, Ann E., et al. Astrophys. J. 774, 152

The 70 Month Swift-BAT All-sky Hard X-ray Survey. Baumgartner, W. H., Tueller, J., Markwardt, C. B., et 
al. Astrophys. J. Suppl. Ser. 207, 19

Uncertainties in Atomic Data and their Propagation through Spectral Models. I. Bautista, M. A., Fivet, V., 
Quinet, P., et al. Astrophys. J. 770, 15

HST/WFC3 Near-infrared Spectroscopy of Quenched Galaxies at z ~ 1.5 from the WISP Survey: Stellar 
Population Properties. Bedregal, A. G., Scarlata, C., Henry, A. L., et al. Astrophys. J. 778, 126

Nine-year Wilkinson Microwave Anisotropy Probe (WMAP) Observations: Final Maps and Results. Bennett, 
C. L., Larson, D., Weiland, J. L., et al. Astrophys. J. Suppl. Ser. 208, 20

On the nature of the hard X-ray sources SWIFT J1907.3-2050, IGR J12123-5802 and IGR J19552+0044. 
Bernardini, F., de Martino, D., Mukai, K., et al. MNRAS 435, 2822

Search for cosmic-ray antiproton origins and for cosmological antimatter with BESS. Yamamoto, A., 
Mitchell, J. W., Yoshimura, K., et al. Adv. Space Res. 51, 227 

GMRT Discovery of PSR J1544+4937: An Eclipsing Black-widow Pulsar Identified with a Fermi-LAT 
Source. Bhattacharyya, B., Roy, J., Ray, P. S., et al. Astrophys. J. Lett. 773, L12

WISE Detections of Known QSOs at Redshifts Greater than Six. Blain, Andrew W., Assef, Roberto, Stern, 
Daniel, et al. Astrophys. J. 778, 113

Constraints on the nature of CID-42: recoil kick or supermassive black hole pair? Blecha, Laura, Civano, 
Francesca, Elvis, Martin, et al. MNRAS 428, 1341

Double-peaked narrow-line signatures of dual supermassive black holes in galaxy merger simulations. 
Blecha, Laura, Loeb, Abraham, and Narayan, Ramesh. MNRAS 494, 2594

Gamma-Ray Observations of the Microquasars Cygnus X-1, Cygnus X-3, GRS 1915+105, and GX 339-4 
with the Fermi Large Area Telescope. Bodaghee, Arash, Tomsick, John A., Pottschmidt, Katja, et al. 
Astrophys. J. 775, 98

Supernova Ejecta in the Youngest Galactic Supernova Remnant G1.9+0.3. Borkowski, Kazimierz J., 
Reynolds, Stephen P., Hwang, Una, et al. Astrophys. J. Lett. 771, L9

Shock Heating of the Merging Galaxy Cluster A521. Bourdin, H., Mazzotta, P., Markevitch, M., et al. 
Astrophys. J. 764, 82

Dust production and mass loss in cool evolved stars. Boyer, M. L. Astron. Nachr. 334, 124

Is There a Metallicity Ceiling to Form Carbon Stars? A Novel Technique Reveals a Scarcity of C stars in the 
Inner M31 Disk. Boyer, M. L., Girardi, L., Marigo, P., et al. Astrophys. J. 774, 83
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Decoupling absorption and continuum variability in the Seyfert 2 NGC 4507. Braito, V., Ballo, L., Reeves, 
J. N., et al. MNRAS 428, 2516

New Techniques for High-contrast Imaging with ADI: The ACORNS-ADI SEEDS Data Reduction Pipeline. 
Brandt, Timothy D., McElwain, Michael W., Turner, Edwin L., et al. Astrophys. J. 764, 183

A New Population of High-z, Dusty Lyα Emitters and Blobs Discovered by WISE: Feedback Caught in the 
Act? Bridge, Carrie R., Blain, Andrew, Borys, Colin J. K., et al. Astrophys. J. 769, 91

Studies of highly charged iron ions using electron beam ion traps for interpreting astrophysical spectra. 
Brown, G. V., Beilmann, C., Bernitt, S., et al. Phys. Scripta T 156, 014001

The Discovery of Pulsating Hot Subdwarfs in NGC 2808. Brown, Thomas M., Landsman, Wayne B., Randall, 
Suzanna K., et al. Astrophys. J. Lett. 777, L22
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Intragroup and Galaxy-linked Diffuse X-ray Emission in Hickson Compact Groups. Desjardins, Tyler D., 
Gallagher, Sarah C., Tzanavaris, Panayiotis, et al. Astrophys. J. 763, 121
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Far-infrared Continuum. Howard, Christian D., Sandell, Göran, Vacca, William D., et al. Astrophys. 
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SEEDS Direct Imaging Survey for Planets and Scattered Dust Emission in Debris Disk Systems. Janson, 
Markus, Brandt, Timothy D., Moro-Martín, Amaya, et al. Astrophys. J. 773, 73 
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E. S., Bird, A. J., et al. MNRAS 428, 3607 

Stellar Populations in Compact Galaxy Groups: A Multi-wavelength Study of HCGs 16, 22, and 42, their Star 
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Perspectives on Intracluster Enrichment and the Stellar Initial Mass Function in Elliptical Galaxies. 
Loewenstein, Michael. Astrophys. J. 773, 52 

Symbiotic stars in X-rays. Luna, G. J. M., Sokoloski, J. L., Mukai, K., et al. Astron. Astrophys. 559, A6

Weak Hard X-ray Emission from Two Broad Absorption Line Quasars Observed with NuSTAR: Compton-
thick Absorption or Intrinsic X-ray Weakness? Luo, B., Brandt, W. N., Alexander, D. Met al. Astrophys. 
J. 772, 153 

Formation of sharp eccentric rings in debris disks with gas but without planets. Lyra, W. and Kuchner, M. 
Nature 499, 184
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B- and A-type Stars in the Taurus-Auriga Star-forming Region. Mooley, Kunal, Hillenbrand, Lynne, Rebull, 
Luisa, et al. Astrophys. J. 771, 110 

No anticorrelation between cyclotron line energy and X-ray flux in 4U 0115+634. Müller, S., Ferrigno, C., 
Kühnel, M., et al. Astron. Astrophys. 551, A6

Constraints on decreases in η Carinae’s mass-loss from 3D hydrodynamic simulations of its binary colliding 
winds. Madura, T. I., Gull, T. R., Okazaki, A. T., et al. MNRAS 436, 3820 

Upper Bounds on r-mode Amplitudes from Observations of Low-mass X-ray Binary Neutron Stars. 
Mahmoodifar, Simin and Strohmayer, Tod. Astrophys. J. 773, 140 

The prompt-afterglow connection in gamma-ray bursts: a comprehensive statistical analysis of Swift X-ray 
light curves. Margutti, R., Zaninoni, E., Bernardini, M. G., et al. MNRAS 428, 729 

High-velocity Line Forming Regions in the Type Ia Supernova 2009ig. Marion, G. H., Vinko, Jozsef, 
Wheeler, J. Craig, et al. Astrophys. J. 777, 40 

Herschel observations of the debris disc around HIP 92043. Marshall, J. P., Krivov, A. V., del Burgo, C., et 
al. Astron. Astrophys. 557, A58 

Confirmation of Small Dynamical and Stellar Masses for Extreme Emission Line Galaxies at z ~ 2. Maseda, 
Michael V., van der Wel, Arjen, da Cunha, Elisabete, et al. Astrophys. J. Lett. 778, L22

On the nature of CP Pup. Mason, E., Orio, M., Mukai, K., et al. MNRAS 436, 212 

The Role of the Accretion Disk, Dust, and Jets in the IR Emission of Low-luminosity Active Galactic Nuclei. 
Mason, R. E., Ramos Almeida, C., Levenson, N. A., et al. Astrophys. J. 777, 164 

Parasitic interference in nulling interferometry. Matter, A., Defrère, D., Danchi, W. C., et al. MNRAS 431, 
1286

Rapid Gamma-Ray Flux Variability during the 2013 March Crab Nebula Flare. Mayer, M., Buehler, R., 
Hays, E., et al. Astrophys. J. Lett. 775, L37 

First results from a next-generation off-plane X-ray diffraction grating. Exp. Astron. 36, 389

The HERSCHEL Inventory of The Agents of Galaxy Evolution in the Magellanic Clouds, a Herschel Open 
Time Key Program. Meixner, M., Panuzzo, P., Roman-Duval, J., et al. Astron. J. 146, 62

The Contribution of Thermally-pulsing Asymptotic Giant Branch and Red Supergiant Stars to the 
Luminosities of the Magellanic Clouds at 1-24 μm. Melbourne, J. and Boyer, Martha L. Astrophys. J. 
764, 30 

The Atacama Cosmology Telescope: Physical Properties of Sunyaev-Zel’dovich Effect Clusters on the 
Celestial Equator. Menanteau, Felipe, Sifón, Cristóbal, Barrientos, L. Felipe, et al. Astrophys. J. 765, 
67 

Constraints on the Neutron Star and Inner Accretion Flow in Serpens X-1 Using NuSTAR. Miller, J. M., 
Parker, M. L., Fuerst, F., et al. Astrophys. J. Lett. 779, L2

NuSTAR Spectroscopy of GRS 1915+105: Disk Reflection, Spin, and Connections to Jets. Miller, J. M., 
Parker, M. L., Fuerst, F., et al. Astrophys. J. Lett. 775, L45 

Grouping Normal Type Ia Supernovae by UV to Optical Color Differences. Milne, Peter A., Brown, Peter J., 
Roming, Peter W. A., et al. Astrophys. J. 779, 23 

NuSTAR Detection of Hard X-ray Phase Lags from the Accreting Pulsar GS 0834-430. Miyasaka, Hiromasa, 
Bachetti, Matteo, Harrison, Fiona A., et al. Astrophys. J. 775, 65 

Subaru weak lensing measurement of a z = 0.81 cluster discovered by the Atacama Cosmology Telescope 
Survey. Miyatake, Hironao, Nishizawa, Atsushi J., Takada, Masahiro, et al. MNRAS 429, 3627
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A Resolved Debris Disk around the Candidate Planet-hosting Star HD 95086. Moór, A., Ábrahám, P., 
Kóspál, Á., et al. Astrophys. J. Lett. 775, L51 

ALMA Continuum Observations of a 30 Myr Old Gaseous Debris Disk around HD 21997. Moór, A., Juhász, 
A., Kóspál, Á., et al. Astrophys. J. Lett. 777, L25 

Herschel-resolved Outer Belts of Two-belt Debris Disks around A-type Stars: HD 70313, HD 71722, HD 
159492, and F-type: HD 104860. Morales, F. Y., Bryden, G., Werner, M. W., et al. Astrophys. J. 776, 
111 

Large Area Transition Edge Sensor X-ray Microcalorimeters for Diffuse X-ray Background Studies. Morgan, 
K. M., Busch, S. E., Eckart, M. E., et al. J. Low Temp. Phys. 166, doi: 10.1007/s10909-013-1011-6

NuSTAR Discovery of a 3.76 s Transient Magnetar Near Sagittarius A*. Mori, Kaya, Gotthelf, Eric V., Zhang, 
Shuo, et al. Astrophys. J. Lett. 770, L23 

Extraordinary Luminous Soft X-ray Transient MAXI J0158–744 as an Ignition of a Nova on a Very Massive 
O-Ne White Dwarf. Morii, M., Tomida, H., Kimura, M., et al. Astrophys. J. 779, 118 

The redshift and mass dependence on the formation of the Hubble sequence at z > 1 from CANDELS/UDS. 
Mortlock, Alice, Conselice, Christopher J., Hartley, William G., et al. MNRAS 433, 1185

A generalized finite-difference time-domain scheme for solving nonlinear Schrödinger equations. Moxley, 
Frederick Ira, Chuss, David T., and Dai, Weizhong. Computer Phys. Comm. 184, 1834 

Scientific Verification of Faraday Rotation Modulators: Detection of Diffuse Polarized Galactic Emission. 
Moyerman, S., Bierman, E., Ade, P. A. R., et al. Astrophys. J. 765, 64 

X-ray properties of the young open clusters HM1 and IC 2944/2948. Nazé, Y., Rauw, G., Sana, H., et al. 
Astron. Astrophys. 555, A83 

The Radial Distribution of Star Formation in Galaxies at z ~ 1 from the 3D-HST Survey. Nelson, Erica June, 
van Dokkum, Pieter G., Momcheva, Ivelina, et al. Astrophys. J. Lett. 763, L16 

Near-infrared and gamma-ray monitoring of TANAMI gamma-ray bright sources. Nesci, R., Tosti, G., 
Pursimo, T., et al. Astron. Astrophys. 555, A2 

SMACK: A New Algorithm for Modeling Collisions and Dynamics of Planetesimals in Debris Disks. Nesvold, 
Erika R., Kuchner, Marc J., Rein, Hanno, et al. Astrophys. J. 777, 144 

The DEEP2 Galaxy Redshift Survey: Design, Observations, Data Reduction, and Redshifts. Newman, 
Jeffrey A., Cooper, Michael C., Davis, Marc, et al. Astrophys. J. Suppl. Ser. 208, 5 

The Gemini NICI Planet-Finding Campaign: The Frequency of Giant Planets around Young B and A Stars. 
Nielsen, Eric L., Liu, Michael C., Wahhaj, Zahed, et al. Astrophys. J. 776, 4 

Variability of a stellar corona on a time scale of days. Evidence for abundance fractionation in an emerging 
coronal active region. Nordon, R., Behar, E., and Drake, S. A. Astron. Astrophys. 550, A22 

Development of a quasi-monoenergetic 6 MeV Gamma Facility at NASA Goddard Space Flight Center. 
Nowicki, Suzanne F., Hunter, Stanley D., and Parsons, Ann M. Nucl. Instrum. Methods A705, 111 

High-energy X-rays from J174545.5-285829, the Cannonball: A Candidate Pulsar Wind Nebula Associated 
with Sgr A East. Nynka, Melania, Hailey, Charles J., Mori, Kaya, et al. Astrophys. J. Lett. 778, L31 

The IMACS Cluster Building Survey. I. Description of the Survey and Analysis Methods. Oemler, Augustus, 
Jr., Dressler, Alan, Gladders, Michael G., et al. Astrophys. J. 770, 61 

Multi-wavelength Radio Continuum Emission Studies of Dust-free Red Giants. O’Gorman, Eamon, Harper, 
Graham M., Brown, Alexander, et al. Astron. J. 146, 98 

The Rise and Fall of the Star Formation Histories of Blue Galaxies at Redshifts 0.2 < z < 1.4. Pacifici, 
Camilla, Kassin, Susan A., Weiner, Benjamin, et al. Astrophys. J. Lett. 762, L15 
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The use and calibration of read-out streaks to increase the dynamic range of the Swift Ultraviolet/Optical 
Telescope. Page, M. J., Kuin, N. P. M., Breeveld, A. A., et al. MNRAS 436, 1684

Interplanetary Network Localizations of Konus Short Gamma-Ray Bursts. Pal’shin, V. D., Hurley, K., 
Svinkin, D. S., et al. Astrophys. J. Suppl. Ser. 207, 38 

Evidence for Quasi-periodic X-ray Dips from an Ultraluminous X-ray Source: Implications for the Binary 
Motion. Pasham, Dheeraj R. and Strohmayer, Tod E. Astrophys. J. 764, 93 

On the Nature of the mHz X-ray Quasi-periodic Oscillations from Ultraluminous X-ray Source M82 X-1: 
Search for Timing-Spectral Correlations. Pasham, Dheeraj R. and Strohmayer, Tod E. Astrophys. J. 
771, 101 

Can the 62 Day X-ray Period of ULX M82 X-1 Be Due to a Precessing Accretion Disk? Pasham, Dheeraj R. 
and Strohmayer, Tod E. Astrophys. J. Lett. 774, L16 

Discovery of a 7 mHz X-ray Quasi-periodic Oscillation from the most Massive Stellar-mass Black Hole IC 10 
X-1. Pasham, Dheeraj R., Strohmayer, Tod E., and Mushotzky, Richard F. Astrophys. J. Lett. 771, L44 

The Structural Evolution of Milky-Way-like Star-forming Galaxies since z ~ 1.3. Patel, Shannon G., 
Fumagalli, Mattia, Franx, Marijn, et al. Astrophys. J. 778, 115

Discovery of twin kHz quasi-periodic oscillations in the low-mass X-ray binary XTE J1701-407. Pawar, 
Devraj D., Kalamkar, Maithili, Altamirano, Diego, et al. MNRAS 433, 2436 

Modeling the Non-recycled Fermi Gamma-Ray Pulsar Population. Perera, B. B. P., McLaughlin, M. A., 
Cordes, J. M., et al. Astrophys. J. 776, 61 

UV-bright Nearby Early-type Galaxies Observed in the Mid-infrared: Evidence for a Multi-stage Formation 
History by Way of WISE and GALEX Imaging. Petty, S. M., Neill, J. D., Jarrett, T. H., et al. Astron. 
J. 146, 77

Emission-line Galaxies from the Hubble Space Telescope Probing Evolution and Reionization 
Spectroscopically (PEARS) Grism Survey. II. The Complete Sample. Pirzkal, Nor, Rothberg, Barry, 
Ly, Chun, et al. Astrophys. J. 772, 48 

Fermi LAT and WMAP Observations of the Supernova Remnant HB 21. Pivato, G., Hewitt, J. W., Tibaldo, 
L., et al. Astrophys. J. 779, 179

Characterization and Performance of Magnetic Calorimeters for Applications in X-ray Spectroscopy. Porst, 
J.-P., Bandler, S. R., Adams, J. S., et al. J. Low Temp. Phys. 169, doi: 10.1007/s10909-013-1019-y

Multiwavelength campaign on Mrk 509. XI. Reverberation of the Fe Kα line. Ponti, G., Cappi, M., Costantini, 
E., et al. Astron. Astrophys. 549, A72 

Designing the X-ray microcalorimeter spectrometer for optimal science return. Ptak, Andrew, Bandler, 
Simon R., Bookbinder, Jay, et al. SPIE Conf. Ser. 8859 

The Micro-Arcsecond Scintillation-Induced Variability (MASIV) Survey. III. Optical Identifications and 
New Redshifts. Pursimo, Tapio, Ojha, Roopesh, Jauncey, David L., et al. Astrophys. J. 767, 14 

The virtual observatory service TheoSSA: Establishing a database of synthetic stellar flux standards. I. 
NLTE spectral analysis of the DA-type white dwarf G191-B2B. Rauch, T., Werner, K., Bohlin, R., et al. 
Astron. Astrophys. 560, A106 

Overlight testing for the James Webb Space Telescope. Rauscher, Bernard J., Antonille, Scott R., Boehm, 
Nicholas, et al. PASP 125, 1465 

Principal components analysis of a JWST NIRSpec detector subsystem. Rauscher, Bernard J., Arendt, 
Richard G., Fixsen, D. J., et al. SPIE Conf. Ser. 8860 

Radio Detection of the Fermi-LAT Blind Search Millisecond Pulsar J1311-3430. Ray, P. S., Ransom, S. M., 
Cheung, C. C., et al. Astrophys. J. Lett. 763, L13 
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Grain Destruction in a Supernova Remnant Shock Wave. Raymond, John C., Ghavamian, Parviz, Williams, 
Brian J., et al. Astrophys. J. 778, 161 

Element Abundances in Solar Energetic Particles and the Solar Corona. Reames, Donald V. Solar Phys. 
289, 977

Spatial Distribution of Solar Energetic Particles in the Inner Heliosphere. Reames, Donald V., Ng, Chee K., 
and Tylka, Allan J. Solar Phys. 285, 233 

New Young Star Candidates in BRC 27 and BRC 34. Rebull, L. M., Johnson, C. H., Gibbs, J. C., et al. Astron. 
J. 145, 15 

G306.3-0.9: A Newly Discovered Young Galactic Supernova Remnant. Reynolds, Mark T., Loi, Shyeh T., 
Murphy, Tara, et al. Astrophys. J. 766, 112 

A Lyman Break Galaxy in the Epoch of Reionization from Hubble Space Telescope Grism Spectroscopy. 
Rhoads, James E., Malhotra, Sangeeta, Stern, Daniel, et al. Astrophys. J. 773, 32 

Optical Properties of Iron Silicates in the Infrared to Millimeter as a Function of Wavelength and 
Temperature. Richey, C. R., Kinzer, R. E., Cataldo, G., et al. Astrophys. J. 770, 46 

A dust-obscured massive maximum-starburst galaxy at a redshift of 6.34. Riechers, Dominik A., Bradford, 
C. M., Clements, D. L., et al. Nature 496, 329 

Using Statistical Multivariable Models to Understand the Relationship Between Interplanetary Coronal 
Mass Ejecta and Magnetic Flux Ropes. Riley, P. and Richardson, I. G. Solar Phys. 284, 217 

A rapidly spinning supermassive black hole at the centre of NGC1365. Risaliti, G., Harrison, F. A., Madsen, 
K. K., et al. Nature 494, 449 

Gas and dust in the TW Hydrae association as seen by the Herschel Space Observatory. Riviere-Marichalar, 
P., Pinte, C., Barrado, D., et al. Astron. Astrophys. 555, A67 

Herschel Observations of Gas and Dust in the Unusual 49 Ceti Debris Disk. Roberge, A., Kamp, I., 
Montesinos, B., et al. Astrophys. J. 771, 69 

The high resolution X-ray imaging detector planes for the MIRAX mission. Rodrigues, B. H. G., Grindlay, 
J. E., Allen, B., et al. J. Instrum. 8, 9010P 

The Swift Supergiant Fast X-ray Transients Project: A review, new results and future perspectives. Romano, 
P., Mangano, V., Ducci, L., et al. Adv. Space Res. 52, 1593 

A waveguide-coupled thermally isolated radiometric source. Rostem, K., Chuss, D. T., Lourie, N. P., et al. 
Rev. Sci. Instrum. 84, 044701

Ascension Observations of the High-mass X-ray Binary A 0535+26 in Quiescence. Rothschild, Richard, 
Markowitz, Alex, Hemphill, Paul, et al. Astrophys. J. 770, 19 

X-ray Resonant Photoexcitation: Linewidths and Energies of Kα Transitions in Highly Charged Fe Ions. 
Rudolph, J. K., Bernitt, S., Epp, S. W., et al. Phys. Rev. Lett. 111, 103002 

The Very Unusual Interplanetary Coronal Mass Ejection of 2012 July 23: A Blast Wave Mediated by Solar 
Energetic Particles. Russell, C. T., Mewaldt, R. A., Luhmann, J. G., et al. Astrophys. J. 770 38 

An Evolving Compact Jet in the Black Hole X-ray Binary MAXI J1836–194. Russell, D. M., Russell, T. D., 
Miller-Jones, J. C. A., et al. Astrophys. J. Lett. 768, L35 

Hubble Tarantula Treasury Project: Unraveling Tarantula’s Web. I. Observational Overview and First 
Results. Sabbi, E., Anderson, J., Lennon, D. J., et al. Astron. J. 146, 53 

Identifying the Location in the Host Galaxy of the Short GRB 111117A with the Chandra Subarcsecond 
Position. Sakamoto, T., Troja, E., Aoki, K., et al. Astrophys. J. 766, 41 
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NuSTAR Detection of the Blazar B2 1023+25 at Redshift 5.3. Sbarrato, T., Tagliaferri, G., Ghisellini, G., et 
al. Astrophys. J. 777, 147 

The spatial extent and distribution of star formation in 3D-HST mergers at z ∼ 1.5. Schmidt, Kasper B., Rix, 
Hans-Walter, da Cunha, Elisabete, et al. MNRAS 432, 285 

Astrophysics of super-massive black hole mergers. Schnittman, Jeremy D. Class. Quantum Gravity 30, 
244007 

A Monte Carlo Code for Relativistic Radiation Transport around Kerr Black Holes. Schnittman, Jeremy D. 
and Krolik, Julian H. Astrophys. J. 777, 11 

X-ray Spectra from Magnetohydrodynamic Simulations of Accreting Black Holes. Schnittman, Jeremy D., 
Krolik, Julian H., and Noble, Scott C. Astrophys. J. 769, 156 

The Carnegie Hubble Program: The Infrared Leavitt Law in IC 1613. Scowcroft, Victoria, Freedman, Wendy 
L., Madore, Barry F., et al. Astrophys. J. 773, 106 

Scientific objectives for UV/visible astrophysics investigations: a summary of responses by the community 
(2012). Scowen, Paul A., Perez, Mario R., Neff, Susan G., et al. Exp. Astron. 49, doi: 10.1007/s10686-
013-9363-0

A Suzaku X-ray observation of one orbit of the supergiant fast X-ray transient IGR J16479-4514. Sidoli, L., 
Esposito, P., Sguera, V., et al. MNRAS 429, 2763

The Atacama Cosmology Telescope: cosmological parameters from three seasons of data. Sievers, Jonathan 
L., Hlozek, Renée A., Nolta, Michael R., et al. JCAP 10, 60

The Atacama Cosmology Telescope: Dynamical Masses and Scaling Relations for a Sample of Massive 
Sunyaev-Zel’dovich Effect Selected Galaxy Clusters. Sifón, Cristóbal, Menanteau, Felipe, Hasselfield, 
Matthew, et al. Astrophys. J. 772, 25 

Discovery and Redshift of an Optical Afterglow in 71 deg2: iPTF13bxl and GRB 130702A. Singer, Leo P., 
Cenko, S. Bradley, Kasliwal, Mansi M., et al. Astrophys. J. Lett. 776, L34 

The Astrophysical Multimessenger Observatory Network (AMON). Smith, M. W. E., Fox, D. B., Cowen, D. 
F., et al. Astroparticle Phys. 45, 56

Characterization of Mo/Au Transition-Edge Sensors with Different Geometric Configurations. Smith, S. J., 
Adams, J. S., Bandler, S. R., et al. J. Low Temp. Phys. 177, doi: 10.1007/s10909-013-1031-2

Calibration of the Soft X-ray Telescopes (SXT) onboard the ASTRO-H satellite. Soong, Yang, Okajima, 
Takashi, Serlemitsos, Peter J., et al. SPIE Conf. Ser. 8861 

Calibration of the Mid-infrared Tully-Fisher Relation. Sorce, Jenny G., Courtois, Hélène M., Tully, R. Brent, 
et al. Astrophys. J. 765, 94 

Constraining the statistics of Population III binaries. Stacy, Athena and Bromm, Volker. MNRAS 433, 1094 

Rotation and internal structure of Population III protostars. Stacy, Athena, Greif, Thomas H., Klessen, Ralf 
S., et al. MNRAS 431, 1470

PeV neutrinos observed by IceCube from cores of active galactic nuclei. Stecker, Floyd W. Phys. Rev. D 88, 
047301 

What are the Progenitors of Compact, Massive, Quiescent Galaxies at z = 2.3? The Population of Massive 
Galaxies at z > 3 from NMBS and CANDELS. Stefanon, Mauro, Marchesini, Danilo, Rudnick, Gregory 
H., et al. Astrophys. J. 768, 92 

On the Statistical Analysis of X-ray Polarization Measurements. Strohmayer, T. E. and Kallman, T. R. 
Astrophys. J. 773, 103 

Asteroid Belts in Debris Disk Twins: Vega and Fomalhaut. Su, Kate Y. L., Rieke, George H., Malhotra, Renu, 
et al. Astrophys. J. 763, 118 
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The Supercritical Pile Gamma-Ray Burst Model: The GRB Afterglow Steep Decline and Plateau Phase. 
Sultana, J., Kazanas, D., and Mastichiadis, A. Astrophys. J. 779, 16 

A bright ultraluminous X-ray source in NGC 5907. Sutton, Andrew D., Roberts, Timothy P., Gladstone, 
Jeanette C., et al. MNRAS 434, 1702

High-contrast Near-infrared Imaging Polarimetry of the Protoplanetary Disk around RY TAU. Takami, 
Michihiro, Karr, Jennifer L., Hashimoto, Jun, et al. Astrophys. J. 772, 145 

Galaxy Environments over Cosmic Time: The Non-evolving Radial Galaxy Distributions around Massive 
Galaxies since z = 1.6. Tal, Tomer, van Dokkum, Pieter G., Franx, Marijn, et al. Astrophys. J. 769, 31 

Comparison between Path Lengths Traveled by Solar Electrons and Ions in Ground-Level Enhancement 
Events. Tan, Lun C., Malandraki, Olga E., Reames, Donald V., et al. Astrophys. J. 768, 68 

Fermi Large Area Telescope Detection of Two Very-high-energy (E > 100 GeV) γ-Ray Photons from the z = 
1.1 Blazar PKS 0426–380. Tanaka, Y. T., Cheung, C. C., Inoue, Y., et al. Astrophys. J. Lett. 777, L18

Suzaku View of the Swift/BAT Active Galactic Nuclei. V. Torus Structure of Two Luminous Radio-loud 
Active Galactic Nuclei (3C 206 and PKS 0707–35). Tazaki, Fumie, Ueda, Yoshihiro, Terashima, 
Yuichi, et al. Astrophys. J. 772, 38 

The Importance of Physical Models for Deriving Dust Masses and Grain Size Distributions in Supernova 
Ejecta. I. Radiatively Heated Dust in the Crab Nebula. Temim, Tea and Dwek, Eli Astrophys. J. 774, 8 

Green Bank Telescope Detection of Polarization-dependent H I Absorption and H I Outflows in Local 
ULIRGs and Quasars. Teng, Stacy H., Veilleux, Sylvain, and Baker, Andrew J. Astrophys. J. 765, 95

Detection of the Compressed Primary Stellar Wind in η Carinae. Teodoro, M., Madura, T. I., Gull, T. R., et 
al. Astrophys. J. Lett. 773, L16 

UVUDF: Ultraviolet Imaging of the Hubble Ultra Deep Field with Wide-Field Camera 3. Teplitz, Harry I., 
Rafelski, Marc, Kurczynski, Peter, et al. Astron. J. 146, 159

Imaging Discovery of the Debris Disk around HIP 79977. Thalmann, C., Janson, M., Buenzli, E., et al. 
Astrophys. J. Lett. 763, L29 

The DXL and STORM sounding rocket mission. Thomas, Nicholas E., Carter, Jenny A., Chiao, Meng P., et 
al. SPIE Conf. Ser. 8859 

Anomalies in low-energy gamma-ray burst spectra with the Fermi Gamma-ray Burst Monitor. Tierney, D., 
McBreen, S., Preece, R. D., et al. Astron. Astrophys. 550, A102 

Current flow and pair creation at low altitude in rotation-powered pulsars’ force-free magnetospheres: 
space charge limited flow. Timokhin, A. N. and Arons, J. MNRAS 429, 20 

Spectral State Evolution of 4U 1820–30: The Stability of the Spectral Index of the Comptonization Tail. 
Titarchuk, Lev, Seifina, Elena, and Frontera, Filippo. Astrophys. J. 767, 160

Unification of X-ray winds in Seyfert galaxies: from ultra-fast outflows to warm absorbers. Tombesi, F., 
Cappi, M., Reeves, J. N., et al. MNRAS 430, 1102

An outburst scenario for the X-ray spectral variability in 3C 111. Tombesi, F., Reeves, J. N., Reynolds, C. S., 
et al. MNRAS 434, 2707

Contrasting behaviour from two Be/ X-ray binary pulsars: insights into differing neutron star accretion 
modes. Townsend, L. J., Drave, S. P., Hill, A. B., et al. MNRAS 433, 23

Modeling the Redshift Evolution of the Normal Galaxy X-ray Luminosity Function. Tremmel, M., Fragos, 
T., Lehmer, B. D., et al. Astrophys. J. 766, 19 

WISE J233237.05–505643.5: A Double-peaked, Broad-lined Active Galactic Nucleus with a Spiral-shaped 
Radio Morphology. Tsai, Chao-Wei, Jarrett, T. H., Stern, Daniel, et al. Astrophys. J. 779, 41 
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Modeling X-ray Binary Evolution in Normal Galaxies: Insights from SINGS. Tzanavaris, P., Fragos, T., 
Tremmel, M., et al. Astrophys. J. 774, 136

Interstellar Abundances toward X Per, Revisited. Valencic, Lynne A. and Smith, Randall K. Astrophys. J. 
770, 22 

Broad-band monitoring tracing the evolution of the jet and disc in the black hole candidate X-ray binary 
MAXI J1659-152. van der Horst, A. J., Curran, P. A., Miller-Jones, J. C. A., et al. MNRAS 436, 2625

The Assembly of Milky-Way-like Galaxies Since z ~ 2.5. van Dokkum, Pieter G., Leja, Joel, Nelson, Erica 
June, et al. Astrophys. J. Lett. 771, L35 

The Progenitor of Supernova 2011dh has Vanished. Van Dyk, Schuyler D., Zheng, WeiKang, Clubb, Kelsey 
I., et al. Astrophys. J. Lett. 772, L32

Constraints on Lorentz invariance violation from Fermi-Large Area Telescope observations of gamma-ray 
bursts. Vasileiou, V., Jacholkowska, A., Piron, F., Bolmont, et al. Phys. Rev. D 87, 122001 

X-ray Properties of the Northern Galactic Cap Sources in the 58 Month Swift/BAT Catalog. Vasudevan, 
Ranjan V., Brandt, William N., Mushotzky, Richard F., et al. Astrophys. J. 763, 111 

Fast Molecular Outflows in Luminous Galaxy Mergers: Evidence for Quasar Feedback from Herschel. 
Veilleux, S., Meléndez, M., Sturm, E., et al. Astrophys. J. 776, 27 

The Surprising Absence of Absorption in the Far-ultraviolet Spectrum of Mrk 231. Veilleux, S., Trippe, M., 
Hamann, F., et al. Astrophys. J. 764, 15 

Probing the intergalactic magnetic field with the anisotropy of the extragalactic gamma-ray background. 
Venters, T. M. and Pavlidou, V. MNRAS 432, 3485 
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